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ADVERTISEMENT. 



The indcfi^gablc industry, die aQOoiilinon 
precision, and \h% great number of new and im* 
portant yiewi with which the author of this 
little worh has enriched Clieraistiy and the kin- 
dred Sciences, are sufficiently known, I presume, 
to all mon of sciepoe in Great Britoiii, to induce 
them to receive eipeiy new proposal which comes 
from him with candour and attention* Professor 
Berzelius was obliging enough to send me a 
copy of the Original of this little Essay, imme- 
diately on its publication at Stockholm, about 
three months ago. On looking it over, it ap- 
peared to me highly deserving the attention of 
mineralogists, and likely, if properly followed 
up, to occasion a most important improvement 
in the method of analyzing minerals and in the 
scientific arrangement of them, I thought. 
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therefore) that it would be conferring a consi- 
derable &vour on the cultivators of that popular 
science^ if an English translation of Professor 
Berzelius's Essay were laid before the public. 
My friend Mr.JSlack kindly undertook the 
task, stipulating only that I should compare his 
XDanuscript with the original, and take care that 
it everywhere conveyed its sense. This task I 
performed with all the requisite attention ; and 
can, I think, answer with some confidence for 
the fidelity of the translation. The nature of 
the subject precluded all attempts at elegance of 
language; but I trust that the translation it 
every where.perqpicuous. 

THOMAS THOMSON, 

London^ 
StfU 10, 1814. 
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SYSTEM OF MINERALOGY 



iOONVBD ON TBB 



ELECTRO-CHEMICAL THEOI^Y, &c. 



J. HE first tystem of mineralogy, originated in 
the want fdt by the coUector of minerals of 
some kind of arrangement in bis collection. 
Tbis was at a period when the composition of 
few or no minerals was known, and it was natu- 
ral therefore that the system should be altogether 
founded on arbitrary (Nnnciples. In proportion as 
scientific information became more difiused, en- 
deavours were made to advance mineralogy to an 
equality with other branches of knowledge, 
linnieus endeavoured to arrange mOKirgaaized 
nature according to a classification analogoui 
^ith that which he had so successfully applied 
to organized nature. Wallerius and Cronstedt 
began 'to perceive the influence which chemistxy 
ought to have in every mii\eralogical arrange* 
meat; and now, since the late astonishing pro* 












gress of chemistry has given it an additionaf 
claim to be conBidered as a science, its influence 
is so universally acknowledged that the two pre^* 
vailing mineratogfcal^hobls of the present day, 
(Werner's and Haiiy's,) both agree in the admis- 
sion of chemistry to a participation in the^found- 
ation of a system of mineralogy^ however much 
they may difier respecting tiie extent of that 
participation. 

Minenilogyi is the mxmSL cedeplatiatt of the 
vrfody is tbe SQicnde which treafis of the combi- 
nation between thfe uilorganic ebmcnts wludb 
are fbimd open or betieatth the siarfece o£ tile 
earthy together widi the various ibrm% sad the 
^fiereUt foreign adnuxtniTs^ undiar wfaidi these 
Ikidii^ndke their iqppeMMiice^ 

The kfiTMfcdge of tbe oonbiiMiDos diem- 

B^v^ their eompositknk andebemital propertiei^ 

belongs tet chenustryf sO' tliat ndnerabi^^ in a 

:scienttfie point of vieir, may be considered ae a 

pert or appendage of chendiistfy* 

Chemistry^ considered as en entire and perfect 
sdeneev makes uaeoquaidted with the element^ 
with ett the combfaiatioes^of which the^ are 



ceptible^ logger Witb all the fomaA wiUer whi^ 
these tolnfaibltt»^iM may xoske their af|>eiaaiifei 

; If We reffrea^l to ourselTes oh^itiist^ i^ a 
tote of perfection^ suh}ected to a fsy^emuti^ aft 
mngemeBt, it miist glv^ us a description, not 
oidy of the combinatious which our inv qatig ar 
tioiiE have discovered to be produded by naturli 
but it must also teadx us all those whi& nlagr 
hereafter be discovered as .duch^ togethel: With 
all those. which are possible^ IJibugfa they^nevw 
can laahe tlmr i^pearanoe as fbssilf^. > Thif 
complete and perfeot ch^istry should^ in tb^ 
case of every ocHhbtnation, notice whether it ap* 
pesrs as a mineral, and> if ao^ the d]£ferent fordiv 
and shapes ilnder wUch it is produced, the f^ 
reign ingredients by which it is mu^y readied 
impure, or which may be medba^cally Utoded 
with it; so that the province 6f chemiil^ eiL*^ 
teisdi beyond oiir laboratories to lite great i^d 
astonishing workshop of liatur cL 

* Let tts represelit to onrsdves a bftmch of this 
peri^t eheitoiitry containing all thai l^lates t^ 
tfaft cOBibiliatiGlis which Appear aa nilieridit 
This hrttach iArM!mBr(Jegy*in it$ perfotl sink. 

It k iMyvnd tfaa limits of otit feeUe powers m 



8 

faring any eeicnoe to a state of perfection; far m 
that case all the sciences would be Uended toga- 
ther into one. The quantitir of knowledge how- 
ever of which one man can make himself mas- 
ter is so circumscribed, that both fiom a regard 
lathe imperfisct state of the sdences, and the ne^ 
eessity of distributing them in such a manner 
that our whole species, taken t<^;ether and oon^ 
sideredas one individual,may possess all the ao- 
qoisitions in every branch of. science which one 
man can never do, we are reduced to the neoes* 
sity of treating sulgects bdonging to the same 
department of knowledge under the &rm of se- 
parate sciences. This is no doubt the reason 
why mineralogy has always been considered as a 
separate sdence; but it is evident that it must go 
step for step with chemistry, and that every re- 
volution in chemical doctrines must overturn 
those of mineralogy, in the same manner as the 
discoveries in the peculiar province of the latter 
must extend the boundaries of both* 

Again, if mineralogy in^ itself is merely a 
bitmch of chemistry, it is clear that it can have 
no other scieiitific foundation for its arrange* 
ment than a chemical one, and that every other 
is altogether foreign to mineralc^ as a science. 
The prevailing theoiy and arrangement there- 
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fore of chemistry for the time must be also that 
of mineralogy. If this has not always hitherto 
been the case, it must be attributed on the one 
hand to the recentness of the period during 
which chemistry has received its great improve^ 
ments, and^ on the other to the circumstance 
that the framers of systems of mineralogy have 
not previously applied themselves with equal 
zeal and success to chemistry, and consequently 
have not been enabled to perceive the necessary 
connexion betw^n them. 

In the verbal disputations betweoi the parti* 
sans of Werner and Haiiy on the subject of the 
merits of their respective schools, the latter have 
often been asked if the mineralogist must always 
require the analysis of the chemist to enable him 
to examine a mineral ? Tids question always dis* 
tinguishes the collector of stones from the mine- 
ralogist. The former merely sedcs a name for 
his minerals, while the latter endeavours to be- 
ccmie acquainted with their nature. . 

The arrangement of minerelsaccording to their 
external characiters has not been so successful 
in facQitating our knowledge of them, as a simi- 
lar arrangement has been in organised nature* 
in the latter we everywhere observe the ^eatest 
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timthitJiy of dombitiadoti yflih fh^ pt6t^A di^ 
Vewity of fiifm, atld th^ ehatfecter df the living 
body is derive from the foftn. Bnt in inanl- 
ftiftte haiate we everywhere percfeive the gr^atert 
ritnilaiity of external forfn nndei" the gi^dtest 
dirersity of cbihbinati6h. Ifhe fcharactef df 
thesfe bodied therefore dtbg^thiSr d^fpetids 6h th^ 
^tiidily ftbd qilatitity of the Itlt^rn&l itinddthedtal 
iaixtut^, so that a diversity lii the latt^ is always • 
Acicompatiied by a diversity iii the former; 
but chemistry is not yet dli a foddfig tO enaU^ 
us from the one to draw any conclusion respect- 
ing the other. A mineralogical arrangeftient 
founded on the ejctetiifti alid easily perceived 
chafacteft Of fossils is extremely convetrient fot 
fhO^ who study fflineralogy without the assist* 
iuice df an experienced master atid ati ^mpl^ 
eollectioti, atld who are often obliged to inquife 
the names of minerals with which they aire un- 
acquainted. But this arrahgdmeht ifi not H 
ficientiflc systeiti, in which cdhVeriiency never 
enters as a prindple, and which requires Ae ' 
utmost strictness of which science will admit* 
When accufdcy and facility can be associated 
together, the advantage Ife no doubt great ; but 
if this cannot be eflfected, the former must hot 
be sacrificed for the sake of the lattet. If thereM 
jfcire the scientific arrang(Anent df mineralogy 
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doei iidt affi^rd the higheit degree ottheUitj in 
tbe external eicamination of minerals, no systeft 
mefely founded on this advantage can have kf 
ekum allowed £at more than to rank after cM 
proper system, as an inder ranks after a book* 

• 

Through the infltienGe of electricity on tJbe 
theory of chemistry^ this la$t scienee has exp^ 
rienced 4 revoluti<Hii and deceived a greats had. 
more important accession Of influence^ than it 
did through the doctrines of either Stahl <Mr 
XiAVoisier. The influence i>( the'eleetro-ohemi* 
cid theory tetends even td mineralogy, whdse 
doctrines must receive afii ^ual eitttosion wi& 
those of th$ parent science, although no atten^ 
has yet been made to apply this theory to miM* 
jralogy^ 

From the electro-chemical theory we have 
been taught to seek in every compound body 
tot the itigrfedients of opposite electro-chemical 
properties, and we have learned from it that the 
combinations cohere with a force which is pro- 
pottiotiate to the degree of opposition in th* 
el^Krtro-chemical tiature of the ingredients; 
Hetice it foHows that in every compound body 
there are one or more electro-positive with one 

4 
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or more electro-negative ingredients,* which, ai 
the combinations consist of bxides, means the 
nme as that every body in the combination, 
called by iis a basis, must be answered by 
another which acts the part of an acid, even 
supposing that in its isolated situation it doeA 
not possess the general characters for which 
acids are distinguished, namely, a sour taste, 
and the property of changing vegetable blues to 
red* The body, which is in one case electro- 
negative when combined with a stronger electro* 
positive, that is, which is acid when combined 
with a stronger basis, may in another case be 
electro-positive, and be united to a stronger 
electro-negative body, or, which is -the same' 
thing, may be the basis to a stronger acid. Thus 
in the union of two acids the weaker acid serves 
as the basis to the stronger. 



* I must once for aU inform the reader tkat, from the const- 
deration I have recently bestowed on this subject, I have 
teen led to introduce this alteration iiito the nomencla- 
tue of which I have already given some account, in my Essay 
•n Nomenclature and the Electro-Chemical System. (K. Y^t, 
Ac. Handl. 1812, 1 H.) By elecUo-positives is to be under- 
itood such as have inflammable bodies or salts for bases $ and 
by electro-negatives, the oxygen and oxides vhich go to th« 
potitivepole of the galvanic battery* 
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Thus every combination of two or more oxides 
possesses the nature of a salt, i. e. has its add. 
And, if we suppose this combination decom- 
posed by the galvanic battery, the first will be 
collected round the positive pole, and the second 
round the negative. Hence in every mineral 
composed of oxidised bodies, whether of an 
* earthy or saline nature, we must seek for the 
electro-negative and electro-positive ingredient^ 
and after the nature and qualities of these are 
found, a critical application of the chemical 
theory will tell us what the fossil in question is. 

Tlie most usuarmineral combinations between 
t>xides generally contain three oxides, of whidi 
two are bases and one acid, and less frequently 
two acids and one basis, resembling the two 
classes of double isalts in chemistry. It not un- 
frequently happens that there are even three or 
four bases for one acid; but we very seldom 
indeed find a chemical combination of two, bases, 
each united with its di£ferent acid. If from 
these combinations we suppose a subtraction of 
the oxygen which they contain, then analogous 
combinations would take place between the in- 
flammable radicals ; and as none of them pos- 
sesses a very strong affinity for oxygen, (as is the 
case with iron, lead, silver, antimony, arsenic^ 
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«o1phur,) it happens pretty Qften that nature 
produces such combinations either of inflam-t 
mable or of oxidated bases. 

If with thesQ theoretical ideas we review the 
productions of the mineral kingdcto^ what « 
light do they at once throw on tha compounds 
consisting of various metals united with su)pbttr» 
^ of various earths and metallic oxides : order 
becomes at once visible in this apparent chaos, 
and mineralogy assumes the character of a 
science. We immediately discover a numerous 
class of minerals, the similarity of which to salts 
has been already pointed out by chemists, 
though they were unable to make a more exten^ 
^ive application of these resemblances. This 
class consists of minerals, in which silica occur 
pies the place of an acid, and it contains an eskd^ 
less variety of single, double, triple, and quad- 
ruple salts, of different degrees of neutrality, or 
.with excess of acid or base. In the same man*- 
ner we discover less general classes ; thus oidde 
of titanium, oxide of tantalum, and several me- 
tallic oxides not hitherto considered as acids, 
occasionally act the part of adds ; so that the 
whole of the extensive range of earthy minerals 
may be classified on the same principles as 
^ts« 
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The first of these reflections, in themselves 
«}together natural and simple, appears to me to 
l)e &e most important step which mineralogy 
has ever made towards its perfection as a 
soienee. 

During the last five years chemistry has from 
another quarter received a still higher improve 
ment, through the doctrine of chemical propor- 
tiens, which in the arrangement of a mineralogi- 
cal system, must, if I may be allowed so to spea^, 
give the same mathematical certainty which it 
has promised to give, and has in fact already 
given, to chemistry. No correct thinker can 
hesitate to believe, that the chemical laws, which 
have been confirmed in our laboratories by the 
lQp#t numerous and varied experiments, are iq, 
lik0 manner applicable to the great whole. It 
is the same nature which every where operates, 
and the operations are governed by the same 
laws, whether they are directed to a cert^dn 
object by human endeavours, or, in the mass of 
the earih, are governed by the free course of 
Infinitely-varied circumstances. If therefore the 
ehemical analysis of many minerals has not 
hitherto justified the application of chemical 
proportion to mineralogy, the cause of this 
must not be sought for in the imperfect applica^ 
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tloB of the laws, but in the imperfection of our 
faculties, which are frequently, notwithstanding 
the utmost care we can bestow, overcome by 
di£5culties which we occasionally perceive, but 
which also often elude our utmost attention. 
In the mean time a very considerable number of 
analyses already exist, the results of which, in fact, 
coincide with the doctrine of chemical propor- 
tions, and in other respects approach so near to 
it that the deviations may justly be considered 
aft owing merely to the difficulty and unavoid- 
able errors of experiment* 

I shall here endeavour in a particular manner 
to direct the reader's attention to the circum- 
stances which contribute to conceal the ex-- 
istence of chemical proportions in mineralogy ; 
because I consider it not impossible that, by a 
due observance of all these, we may, at last, be 
able, to rendlsr every analysis, conducted with 
due circumspection, coincident with the chemi- 
cal proportion^ 

I. The first of these circumstances is the 
want of care and attention in analysis, even 
occasionally perceivable in the works of our 
greatest masters. He who bestows a glance on 
the much less difficult analysis of single salts, and 
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die difference of the results before the doctrine 
of chemical proportions was established, and 
who has seen the necessity of adopting ex- 
pedients, never before thought of, for the at- 
tainment of the utmost degree of accuracy, will 
surely not think it at all wonderful that the 
analysis of the now variously combined mineral 
productions should not be brought to a greater 
certainty of result then these were. If we com* 
pare, for example, the analyses of sulphate of 
barytes by the most expert chemists, or of 
muriate of silver, phosphate of lead, &c. we 
shall find that the results of these analyses differ 
veiy considerably, not only from one another but 
.from the just proportion. The sam^ thing 
must also have happened in the an^yses of 
many minerals ; and these analyses are attended 
with another disadvantage : we cannot be cer- 
tain that they were made on minerals of the 
same chemical identity ; hence they can never 
prove any thing against the propriety of the 
application of chemical proportions to minera- 
logy. The first impediment therefore consists 
in the difiiculty of conducting a mineralogical 
analysis in such a manner that the result shall 
give the correct proportions. This defect may 
be the most easily of all removed. 

B 
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2. Another more important impediment is 
the difficulty, not to say impossibility, of ever 
obtaining, in the productions of the mineral 
kingdom, any combination sure and free from 
foreign and accidental ingredients in its mass, 
except in subjects divided into fractionable parts 
of an imperceptible and inseparable nature. 
A glance into the formation of minerals will 
serve to clear up this better. We find them 
either crystallized, and in that case they have 
passed slowly and regularly from a liquid to a 
solid form ; or they have separated rapidly, and 
formed only crystalline grains, as is the case with 
Carara marble and the lepidolite of Utoe; or they , 
^ave fallen down without assuming a crystalline 
shape like precipitates from fluids. These pre- 
cipitates afterwards harden and form shapless 
masses, frequently containing heterogeneous 
tiodites between their plates, and often mixed with 
crystals, which have been either rolled by a liquid 
from another place, or have been formed during 
the precipitation itself in the liquid, and have 
shot in the precipitated soft mass. It is clear 
that in so far as respects these masses of rock 
formed of hardened precipitates, no analysis can 
give a result which coincides with the chemical 
proportions; except it should happen that such a 
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precipitate shouM accidentally consist of only 
one substance, of which examples are not 
wanting 5 but when the doctrine of chemical 
proportions is applied to the analysis of these 
minerals, it will inform us of what different mix- 
ture of combinations the shapeless mass consists. 

On the other hand, we are well warranted in 
expecting a more satisfactory result from the 
analyses of distinctly formed minerals, although 
even the most regular and clear crystal is seldom 
fre^ from foreign ingredients. Let us apply 
the experiments in our laboratories respecting 
the crystallization of solutions of salts to that 
which, under analogous circumstances, must 
take place under the surface of the earth,* 

* This example is principally founded on solations in 
water, although it is equally applicable to other crystallizing 
mixed liquids. The opinion, that minerals have been pro- 
duced by the fusing agency of a high temperature and a con* 
sequent cooling, has not yet lost all its advocates, although 
a single decrepitating crystal, a single petrifaction, is an in* 
contestable proof for all who can perceive what is proved by 
the existence of these. It is clear, on the other hand, that 
we often see formed crystals which, according to what we 
have hitherto been taught by theory, never can, as such, have 
l>een dissolved in water; for example, sulphurets and arse*, 
niurets of metals. But here we must recollect, that in the solu- 
tions which are carried on beneath the surface of the earth, a 

B 2 
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We see, for example, that when saltpetre 
shoots out of the mixed ]ey which is obtaine4 
by lixiviating saltpetre^earth, the crystals are 
regular, but of a brown colour, and contain 
common salt No chemist has eVer supposed that 
either the substance occasioning the brown colour^ 
or the common salt which is contained in these 
crystals, belongs in any measure to their che* 
mical composition; but we always consider 
ihem as ingredients foreign to the soludon 
from which the saltpetre has shot up« It is 
.also a known circumstance that the more 
slowly a solution shoots, and the larger the crystals 
which it forms, the liquid expelled is the more 

power operates which we never can dispose of in exactly the 
same manner in our experiments, namely electricity, and that 
which in oor experiments is produced in the coarse of a day 
or two at most, may in the bowels of the earth require cen- 
turies for its developement. The blended masses of the 
globe, burst through and penetrated on all sides by intruding 
.water, produce innumerable multitudes of electrical circuits, 
which cross one another in all possible directions without 
impeding their separate operations, like the rays of the sua 
on the surface of the earth, and determine the eternal 
activity by which the masses of the interior of the earth 
slowly experience incessant changes, destruction, and new 
forms. Crystallizations, solutions, reductions, oxidations, 
take place here incessantly under forms and proportions 
which art, unable to dispose of its efficient powers in the 
same manner, will never perhaps be capable of imitatiog.. 
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Impure. All this must happen in the same man- 
ner in the interior of the earth, when the minerals 
partly shoot out of mixed solutions, and partly 
in consequence of the mutual action of solutions 
on each other. The substance of which the 
solution contains the most, and with which it is 
saturated, forms the crystal ; but this crystal in- 
cludes parts of the solution between its plates, 
is rendered impure by them, and not unfre- 
quently thereby receives a colour which by no 
means properly belongs to it. This is the 
cause why so many minerals, which,, were we to 
judge from their peculiar ingredients, ought to 
be colourless, are notwithstanding red, yellow, 
blue, and green, &c. which colours are derived 
from a slight mechanical infusion of other 
coloured minerals, which are occasionally so 
very finely divided, that they do not perceptibly 
diminish the transparency of the crystal. Hence 
also we find, in the analysis of most crystal- 
lized minerals, two, three, or more ingredients, 
which only amount to one per cent, and some- 
times even to a fraction of one per cent, and 
whicliwehave no morereason to suppose to belong 
'to the composition of the crystalhzed mineral 
than that the common salt and the coloured 
substance belong to the saltpetre. It is clear 
that, as the result of the analysis must be judged 
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of according to the doctrine of chemical propor- 
tions, these foreign substances must be sub- 
tracted from it; but here ^gain we are met 
by another difficulty: we cannot determine 
whether some of the substances considered as 
principal ingredients, or at lea*t a part of them, 
do not belong to the foreign bodies which must 
be withdrawn. Something like a complete 
knowledge of the minerals along with which 
the substance investigated occurs, may also be of 
some assistance in enabling us to determine the 
proper analytical result. 

3. Another circumstance which has hitherto 
been less observed is, that when a solution con- 
taining two or more combinations is saturated 
withseveraiof them, and begins to depose crystals, 
it happens sometimes, that a particle of one 
compound is deposited near to, or along with, 
several particles of another compound; so 
that united they form a crystaUine figure, 
which in colour, shape, transparency, specie 
fie gravity, altogether deviates both firom 
the substance which constitutes its principal 
inass, and fi-om that which is mixed with the 
former. The smaller ingredient often does not 
amount to one per cent, of the whole weight, 
though sometimes it amounts to more. The 
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relative quantity of th^ substances associated 
together in the construction of such a crystal 
appears^ so far as our experience reaches, to 
depend altogether on the quantities of each, 
which the liquid at the moment of crystalliza- 
tion has to depose. Chemistry affords many 
such examples ;. as the crystallizatioa of com- 
mon salt in octohedrons and of sal ammoniac in 
cubes in urine, the simultaneous crystallization 
of nitrate of lead and arseniate of lead, when 
a solution of the latter salt in nitric acid is 
evaporated. We have another striking and 
beautiful example in sal ammoniac crystallized in 
a saturated solution of muriate of iron. The 
salt crj'stallizes in transparent, regular, hollow, 
ruby-red cubes, in which the proportion of oxidq 
of iron often does not amount to one per cent. 
These crystals give nearly a colourless^ Solution 
in water, from whiqji the sal ammoniac is ex- 
pelled in the usual manxier by evaporation, 
leaving a trace of muriate of iron in the mother 
ley. We have another appropriate example of 
9alts of a similar nature crystallizing together 
in the residual liquid which remains after the 
Irish process for making oxymuriate of lime. 
(Wilson, Annals of Philosophy, i. $65.) Here? 
the crystal is composed of sulphate of soda^ 
muriate of manganese, and about one half pe; 
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cent, of muriate of lead ; salts whicli cannot 
exist together but in such an acid solution as 
that from which they were expelled, and which 
separate whenever they, are dissolved in pure 
water. 

I am persuaded that such is the case with 
many crystallized minerals, although we have 
not hitherto had leisure to carry through the 
investigation. Thus, for example, it appears to 
be pretty certain from the analysis of Stromeyer, 
that the crystalline form of arragonite, so much 
the subject of dispute^ and which deviates in so 
remarkable a manner from the carbonate of 
lime, is owing to such a formation; Particles 
of carbonate of strontian, with their water of 
crystallization, having united in a certain order 
with the particles of carbonate of lime, give 
birth to a secondary form which cannot be 
derived from the primitive form of pure carbo- 
nate of lime. Hence we may conceive why 
arragonite contains such small portions of water 
chemically combined, from one h^f to three 
fourths and one per cent, on the dissipation of 
which its transparency is destroyed; for this 
quantity of water depends on the quantity of 
carbonate of strontian, of which it constitutes 
the water of crystallization. 
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But still it is not to be dissembled that there 
are many diflSculties in the way of every attempt 
to bring the analysis of minerals, and the con- 
clusions deduced from it, to the highest possible 
perfection. I am emboldened, however, to 
hope that these difficulties will not be insur- 
mountable. 

It remains for me now to say a few words re- 
specting the determination of the qtuintitattve 
result of such analyses, and the correct distribu- 
tion of the ingredients of the minerals. It is 
clear that if^ in stating the composition of salt 
of alum, for example, we were not to go farther 
than to consider it as consisting of potassium, 
aluminum, sulphur, hydrogen, and oxygen, in ai 
scientific point of view we should derive but little 
aSvantage from such a statement. We come a 
step nearer to the nature of the compound, 
when we consider it as composed of sulphuric 
acid, alumina, potash, and water. The com- 
position of this salt was long supposed to be this 
by chemists; and from that circumstance it re- 
ceived the name of triple salt, or a salt which 
consisted of three principal ingredients. The 
next step to a more perfect knowledge of the 
nature of alum was the considering it as 
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consisting of sulphate of potash and sulphate of 
ftlumina with water of crystallization, whence 
it received the appellation of double salt. — 
Lastly, the doctrine of the chemical propor- 
tions completed, if I may so speak, our know- 
ledge of the composition of this salt, by show- 
ing that it consists of one particle of sulphate 
of potash, three particles of sulphate of alu- 
mina, and twenty-four particles of water of crys- 
tallization. 

The chemists have long considered minerals 
as composed of peculiar eaiths, widiout point- 
ing out the exact combinations of these, and 
without determining the definite proportions in 
the combinations, precisely as they did with 
the ingredients of alum at no very remote 
period. From the developement of the electro- 
chemical theory, and the discovery of the laws 
of the chemical proportions, it has become 
necessary to adopt a similar scientific exposition 
pf the nature of minerals. Our predecessors, 
and among them the admirable Klaproth more 
especially, by their various analyses, afford us 
many materials for this attempt, although its 
fiiU accomplishment can only, without doubt, 
be the result of future labours carried on with 
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ft due regard to the substances, and with all pos-* 
sible attention , to obtain the utmost accuracy, 
without whi^h the object never can be attained. 

It is the illustration of that class among mi- 
nerals in which silica is the electro-negative 
ingredient, and supplies the place pf an acid, 
which throws the greatest light over the rest 
of mineralogy, because this class is the most 
numerous, and because what applies to it ap-- 
plies in like manner of itself, naturally and 
without violence, to the other classes which are 
not so well known. I shall give to this class the 
general name of Silidaies^ 

In my attempt to establish the first founda- 
tions of an electro-chemical system, with an ap- 
propriate nomenclature, (Kongl. Vet. Ac. H. 
1. H. 1812,)''^ I mentioned the combinations of 
silica with other oxides as salts, which I called 
ailiciates. — It would certainly have been pre- 
mature to have then endeavoured to turn more 
of the reader's attention to mineralogical si- 
liciates, because the coniiised chaos which was 
spread over them might perhaps have had a 
tendency to prejudice the reader against these 

* Also in De la Metherie*s Journal de Phtfsipie, Oct. 1811. 
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ideas, especially as the nature of the treatise 
trould not admit of a farther . exposition of 
the subject. I have since that period, with a 
truly sincere pleasure, learned that Mr. Smithson, 
One of the most experienced mineralogists of 
Europe, without any knowledge of my essay, 
has published a similar idea in a memoir on the 
nature of stilbite and mesotype. It cannot be 
denied that this coincidence of result, derived 
on the one hand from pure chemistry, and on 
the other from an analytical mineralogical point 
of view, affords a strong proof of the accuracy 
of the result, which induces me to hope that no 
mineralogist fully acquainted with the present 
state of chemistry will any longer entertain any 
doubt respecting it. 

Silica considered as an acid possesses the prcw 
perty of giving siliciates of many different de- 
grees of saturation. The most general are those 
in which the silica contains the same quantity 
of oxygen with the base. These we shall here- 
after call siliciates. The next most general are 
those in which the silica contains three times the 
oxygen of the base. To these we shall give 
the name of tristliciates. It not unfrequently 
contains twice the oxygen of the base, and these 
combinations we call bisiliciates. Silica pro- 
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.duces also a great number of combinations with 
excess of base of different degrees, subsiliciateSf 
which as something may be gained through a 
distinction of terms, we may denote by the ap- 
pellation of bii tri, &c. for example, bicUuminous 
subsiliciaiey trialuminouSi &c« all announcing 
that the base (in the case of silica) contains twice 
or three times the oxygen of the silica* 

Silica, like other acids, gives also double silin 
ciatesj partly with and partly without water of 
crystallization. We most frequently find that 
the bases, which have a tendency to 'produce 
double salts with other acids, do the same thing 
here, in the same manner as in the double sili- 
ciates we again find, although with many ex- 
ceptions, the same proportions between the 
bases, as in the other previously known double 
salts of the same bases. Hence, for example^ if in 
the common felspar we could exchange silica for 
sulphur, the combination would be alum without 
water. 

But nature, in her rich stores, where we find 
a great number of siliciates which obey without 
the smallest resistance the most feeble degree of 
aflSnity, exhibits also a number of combinations 
still more various, for which, from the experi- 
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toce of our laboratories, we have few or no 
analogous combinations to produce. Thus, for 
exaihple, we find siliciates with from three to 
four, and perhaps (on a more extensive experi- 
ence) with even more bases, which all form one 
common combination, and whose pure crystal- 
line texture seems to render it evident that it 
must be considered as one chemical whole, un- 
less it should be hereafter proved by circumstances 
that such bodies belong to the class of crystals 
which are formed of many different substances 
lying in juxta position, but not chemically com- 
bined. It often happens also in this case that 
these numerous siliciates are not of the same de- 
gree of saturation, but thdt one or more of the 
weaker bases are subsiliciates or siliciates, while 
one or more of the stronger' are bi- or tri-sili- 
ciates ; (such is, at least, what analyses at present 
afford us). That similar combinations are not 
produced in our laboratories arises evidently 
from this, that we usually obtain our result 
through the application of circumstances, the 
operation of which is much too rapid and 
violent to admit the influence of the weaker af- 
finities. 

I have also had occasion to ask myself the 
question, if it were credible that in such a slow 
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concrete combination, siliciates of the same basis, 
but in a dilFerent state of saturation, could be 
united with siliciates of another basis in one 
chemical whole ; for example, if a paiticle of si- 
liciate of potash rould be united with two par- 
ticles of siliciate of alumina, and two particles of 
subsiliciate of alumina. Theoretical causes in- 
duce me to consider this as less probable. It is 
therefore more likely, when such a case hap- 
pens, that the mineral is to be considered as a 
hardened mixture of two siliciates in a different 
state of saturation, like a mixed solution of a 
neutral and subsalt of the same base. Such, for 
example, is the CQmposition of agalmatholite, 
according to the analysis of John. Hoi^ever 
the solution of this must be left to experience. 
That two unequally saturated siliciates cannot 
be combined without the intervention of a sili- 
ciate of another basis, which constitutes the fun- 
damental particle or unity of the combination, 
follows from the doctrine of chemical propor- 
tions. 

To enable the reader to determine how far 
these theoretical problems are just or not, we 
shall add some examples of not only simple but 
double and higher siliciates. 
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A. BXAMPLE OF SINGLE 8ILICIATES. > 

1. Calcareous Trisiliciate, — A stone fron^ 
Adelfors, analysed and described by Hisinger in 
the Physical, Chemical, and Mineralogical 
.Transactions, Part I. p. IBS. It consists of 



Result Calculated 

Qblaincd. Rcaulc 

Silica , 57t7") holding <28-75 s 68'6« 

Lime 35*60 j oxygen ( 9'8o i 34*58 

Alumina vh 

Oxide of Iron I'oo 

Loss...... ....• 3'8> 



* 



The small figures to the right denote unity 
and the multiples of unity. The last numbers 
show the computed result firom analysis.* Now 

* It is of the utmost importance for these calculations to 
know the quantity of oxygen which the silica contains. By 
a direct experiment on a combination of silica and iron melted 
together, I found that the silica contains nearly 48 per cent, 
oxygen. Stromeyer has stated the proportion of oxygen at 
55 per cent. The true proportion must lie between these, which 
I have calculated from John Davy's experiments with silicated 
fluoric acid. He found that 100 parts of fluoric acid could be 
combined with 159 parts silica, and that these 259 parts could 
farther receive 84*33 parts ammonia. From the quantity of 
oxygen in the ammonia, the oxygen of the silica may be cal- 
cnlated^^because the former must be a multiple of the latter. 
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.9 ' 



ss 



if we calculate the analysis of this mineral, We find 
that the contents of the oxygen of the lime 
are 9*8 which x S = 29*4, which differs little 
from 28*75, which is the computed oxygen 
of the silica obtained. The other- ingredients 
of the mineral are obviously altogether foreign 
to its chemical constitution. 



The ammonia contains 46*88 per cent oxygen, consequently 
the 'Si'SS parts contain 39*466 oxygen. From my synthetical 
experiments on the composition of silica, we find that 15d 
parts silica most contain 76*S8 oxygen, bot 39.466 X 8 =r 
78,932, which does not materially differ ; if then 159 parts 
silica contain 78*938 parts oxygen, that eartli-must contain 
49*64 per cent, oif oxygen, at which I have in the subsequent 
part of this Treatise everywhere computed it. For further 
particulars I refer to my Treatise on Chemical Vblumes, (art. 
Silicinm.) See Jnnab of PhUotophy^ ii. 443, and iii.,51, 93, 
844, 353. The Contents of alumina are calculated agreeably to 
ani.Essay of mine published long ago, at 46*7 per cent, of oxy- 
gen, magnesia at 38, lime at 88, barytes at 10*5, soda at 25*66, 
potash at 17 per cent, oxygen, &c. I must also caution. the 
reader, especially in more compound minerah, not to expect 
the analysis to coincide exactly with the calculation ; this 
would at present be too severe a demand, and I have thought 
it proper to content myself with such results where the differ- 
ence from the calculation does not exceed the bounds of usual 
errors of observation in any other analysis. To facilitate the 
labour of the reader I have uniformly placed to the right 
what the results according to theory or more correct formula 
ought to be* 

c 
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2. CakaredUs Bwifim^^— Werner*s Schaal- 
stein, Hauy's Spath en Tables, Tabie-span 
Anaiyaed by Klaproth, Beytrage, iii. 291. 

Silica 50) ^ .,. ( — 24*88 «or« 60*oo 

Lime ......46( ^'*"*i° 5 12vJ i s 44-3S 

Water 6> "'^S*^" ^ 4-4 § i 4-70 

The silica is here combined with l^- as much 
lime as in the foregoing mineral, and contains 
therefore twice the oxygen of the base, while the 
water of crystallization contains ^ of the oxygen 
of the base. 

S. Aluminous Siliciate — Nqphelin, Sommiteof 
Karsten. Analysed by Vauquelin, Bullet, de la 
Soc. Phil. An. V. p. 12. 



• 



Silica .46> contain 5-= «2*8S i 46-05 

Alumina 4»S oxygen J SS-m i 4a'»i 

time « 

Oxide of Iron • i 



4. Zinc SiZicio^^— Calamine* Analysed by 
Smithson, PUlosoph. Transa^. 1803. Con- 

asts of 

Silica .25«o ) contain f sb 12.41 i 26.7f 

Oxide of Zinc 68*3 J oxygen \ l3-« i «6w5i 

Water, Loss.. ••••••• 6^7 
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5. Copper Si/icia/tf— Dioptase* There is no 
aiudysis of this mineral that can be depended 
on. It is the only siliciate of copper with which 
'we are acquainted. 

6. Manganese Bisilidate — Red Manganese* 
flint. See my analysis of it in Afb* i Fys. Kern* 
och Mineral, i. 110. It contains 

Silica 40*0 > contain <= 19*80 % 42*98 

Protoxide of Manganese.. 47*7 ) oxygen } lO-to i 4A*44 

Oxide of Iron 4*6 

Lime i*ft 

In this analy»s I obtained an augmentation of 
weight instead of a loss, because the quantity of 
numganese was determined by weighing the per- 
oxide extracted by the analysis, whil^ the mi'- 
neral ccHitained it in the state of a protoxide 
In the original paper therefore there is 55 per 
cent, peroxide, which answers to 4f7'7 per cent, 
protoxide. 

In this description of the analysis of this mi- 
neral I have made mention of a crystallized 
combination of oxide of manganese with silica, 
persiliciate of manganese, which I accidentally 
obtained with it. Hence it is probable that such 
a mineral may hereafter be discovered. 

c2 
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7. Manganese SUkiate — Manganese flint from 
Klapperud. Analysed by Klaproth, Beytr.iv, 
158. 

^redaced to the cor-^ 

Peroxide ,f MaBg«e,e «) fetxI^cS = '«•<> ' 

(tains of oxygen J 

Silica 25) -ont-iu ' «.„ <=12-4 i 

Water 13 J *^°°'**" ^^^^^ I 12-» i 



As Klaproth found that this mineral, not- 
withstanding its dark colour, dissolved easily in 
nitric add, it is clear that it contamed protoxide, 
and that all its ingredients cdntained the same 
quantity of oxygen. 

8. Trisilidate of Iron — Mineral from Tuna- 
berg. "Analysed and described by L. Hedenberg^ 
Afh. i Fys. Kem. och Mineral, ii. 169. It con- 
tains 



Silica ..40-62) „„..._ f=s20'i5 s 42*64 

Protoxideoflron* 82-53 5^ ^t"^" < Vn i SOsa 
Water 16.05) *»^ys«" ( I4'i« « l«-oo 

Carbonate of Lime. .4*93 
Oxide of Manganese 0*75 
Alumina 0.37 



• The original has 35*25 per cent, determined from the 
oxide heated with oil, which corresponds to 32*53 per cent, 
proto'side. 
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9. Silkiate of Cerium — Cerite. From a mean 
of the analysis of Hisinger, Afh. i Fys. Kem» 
och Mineral iii. It contains 

Silica .18 contains ozy/^n s 8*90 1 18*6 

r reduced to pro- ) 
Oxideof Cerium 68 •^tozide, contains^ = 9*t 1 68*0 

(of oxygen.....) 

As the mineral is dissolved in muriatic acid 
without the evolution of oxymuriatic acid, and 
the oxide in the state in which it is obtained by 
the analysis gives out oxymuriatic add when 
treated with muriatic acid, it is clear that the 
mineral must contain protoxide. It derives its 
colour chiefly from the oxide of iron which 
enters into it to the amount of 2 per cent. 

Silica gives similar silidates with most bases. 
I am convinced that mineralogy will hereafter 
exhibit not only siliciates of magnesia, but pro- 
bably, likewise, siliciates of potash, soda, ba- 
rytesj&c. 
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B^ EXAMPUB Oy DOUBLE SILICIATES. 

1. Trisilicias KalkO'CalctcuSj Trisiliciate of 
Potash and Lime — Icthyophtalmite Apophyllite. 
Analysis by Rose^ Neue's Allg. Journal du 
Cbemie, v. 4i^, It contains 

Silica .M'o ^ r= 25*8i is 50*t9 

Lime 24*5 f contain J 6*78 5 25*04 

Potash 8*0 ^oxygen J I'Sfl i 8'«4 

lYater 15«o) ( IS'fts lo '15*89 

This mineral is thus a douUe salt of lime and 
potash^ in which the former contains five times 
the oxygen of the latter, and the silica three 
times the oxygen of the bases* It is a salt com- 
posed of one particle of trisiliciate of potash and 
five particles of trisiliciate of lime. The propor^ 
lion of silica in this analysis may turn out 1 per 
cent too high from a mixture of quartz in the 
specimen 



2. BisUicias MagneskxhealcicuSf Bisiliciate of 
Magnesia and Lime — Malacolite firom Lang- 
banshyttan. Analysed by Hisinger, Afh. i Fys* 
Kem. och Mineral* iii. 300* 



Silica 64*18) ^««.„5„ C=86*7» 4 5S.f 

Lime 22*74 \ 6' * » 23.7 

Magnesia 17*8i> ''^^^^'' ( 6- 7 i 1V5. 



Oxide of Iron S'ls 

Oxide of Manganese i*45 
Yolatile matters . . rfio< 
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It consists, therefore, of one particle of bisi- 
liciate (rf^lime united with one particle of bisili- 
ciate of magnesia* 

3* SUicias MagnesicO'CalcicuSy Siliciate of Mag- 
nesia and Lime — Serpentine from Bajmas. Ana- 
lysed by Hisinger, Afh. i Fys. Kern, och Mi- 
neral. 303. 

Sjlicit 32*00) f=: 15*78 « SS'M 

Magaesia 37'Mf contain p I4*i4 ft 36*89 

Lim« » ...lO'aor oxygeu 1 S*«6 i 10*7i 

Water 14'oo) ( 12*3» 4 l«,7i 

Clay .r. 0* 5 

Oxide of Iron o< o 

Hmce this combination is a double siliclate 
with water of crystallization, consisting of one 
particle silidate of lime, five particles siliciate of 
magnesia, and four particles of water. The 
original analysis has 10*6 particles lime : but as 
100 parts of the mineral produced 24*4 parti 
gypsum, the proportion of lime, according to a 
more accurate computation, is only 10*2 per 
cent 
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C. EXAMFLK OF A COMPLEX SILICIATJB. 



Byssolite — Analysed by Vauquelin, Hauy's 
Traits de Mineralogie, iv. 334?. It consists of 



contain 



Silica 47*0 

JMagnesia 7*s 

Lime ll*s 

Oxide of Iron SO-o | "ys^" 

Manganese Oxide. 10*0 J 



1 



= 23-56 


8 


48-00 


2-77 


1 


7*86 


3m6 


1 


10-70 


6- I 


s 


19-s« 


3* 


1 


9*68 



The difficulty of separating lime and magnesia 
with precision may have occasioned a loss in 
the former and an increase in the contents of 
the latter. If we suppose them to contain an 
equal quantity of oxygen, and divide the silica, 
equally among all the four bases, then the salt 
will consist of one particle bisiliciate of lime, one 
particle bisiliciate of magnesia, one particle bisi- 
liciate of manganese, with two particles of sili-* 
ciateofirout 

I shall, however, in the following instances 
adduce many examples of similar complex mi- 
nerals, from the analysis of which we are not to 
expect all the precision which is requisite in 
putting the doctrine of chemical proportions to 
the test of experiment ' 

It is evident that when we apply the doctrines 
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of chemistry to mineralogy, and the productions 
of the latter are classified according to the theory 
of the former respecting their composition, the 
nomenclature of chemistry must also to a cer- 
tain extent be applied to mineralogy, and it 
must naturally considerably facilitate its study if 
we can retain the chemical name : but unfortu- 
nately the chemical nomenclature cannot advan* 
tageously be applied further than to simple salts, 
or simple sulphurets, drseniuretsj tellurets, &c. 
When these are doubled or variously multiplied, 
a chemical name, deduced from the composition, 
would be long, harsh, and of difficult utterance; 
and the most universal zeal for the introduction 
of a strictly scientific nomenclature could not 
prevent it fix>m being supplanted by a shorter 
unscientific name. Chemists always say alum 
instead of sulphate of potash and alumina, 
which may very properly be used as a definition 
but not well as a name. It is therefore dear that 
the chemical nomenclature is not sufficient for 
mineralogy, and that for complex substances 
we must avail ourselves of shorter empirical 
names. Let chemical names be retained as 
long as they can be used, but when that is no 
longer the case, I consider the oldest and most 
generally received names the best ; a^id I see no 
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cause to alter such a name except it be (a) amo 
bigttonsy (as for example muriacite for gjpsum 
which does not contain water,) or {b) derived 
from a language which has no relation to the 
Latin, and such as cannot be Latinised, for ex- 
ample, Kreuizstein; because eveiy scientific no- 
menclature must have a relation . to a Latin 
fundamental nomenclature, frmn which every 
language ought not to translate the new name, 
but merely to ingraft it by inflexion into their 
own. It is only in this manner that perspicuity 
can be obtained. I cannot, therefore^ but highly 
disapprove of the wanton desire shown by many 
mineralogists to metamorphose the name of well 
known minerals, by which the study of them is 
rendered considerably more difficult, and the 
synonomy comes to be the most difficult part 
of the whole science. What has mineralogy 
gained by the exchange^ when it received apo* 
pkyllUe for icthyophtalmite, as the property of this 
Biineral, which gave occasicm to the former 
name^ is common to many other minerals as 
well as it; for example, to many species of mica? 
Perhaps this strong desire of metamorphosis is 
no other than the desire of authors to give some- 
thing of their own to science ; but such a present, 
should it go no further, it is equally in the power 
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of aU to make, and it seldom excites in the 
reader that gratitude on which the author per- 
haps calculated. 

But' before I come to the exposition of the 
manner in which I conceive a system of mine^ 
ralogy ought to be arranged, 1 must name some 
words necessary for the purposes of mineral 
analysis, in such a manner that the reader may 
at once recognize the nature and quantity of the 
constituent to which the mineral is indebted for 
its chemical nature. That this cannot be effected 
by the numerical arrangement, even when as* 
sisted as in the examples which I have just now 
adduced, the reader must have already perceived. 
The result of mineralogical analysis must there* 
fore be arranged in two manners, a mechanical 
result, the numerical, and a scientific result, 
which in the preceding Essay I was obliged to 
express by a short explanation subjoined to 
every analysis. This explanation may, by the 
substitution of peculiar signs, become super- 
fluous; and by a short and easily comprehended 
formula, the reader may in a moment understand 
the scientific result. 

In my Essay on Chemical volumes I have 
proposed similar signs for the arrangement of 
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chemical combinatioiui agreeably to the views of 
the doctrine of proportions. These signs require 
a full ax^quaintance with the composition of the 
substance which they represent, and they in- 
clude all the ingredients of the elements, with 
the number of their volumes in a compound 
body ; but these formulae, precisely from the cir- 
cumstance of their expressing so much, are too 
long and difficult to be comprehended in a 
moment I shall call these chemical formuUef 
and in this Il^say I shall use them only for in« 
flammable minerals and single salts.* The 
earthy minerals require easier formulae, which 
merely express what the mineral is, and I shall 
propose some of this description under the name 
of mmeralogicalf and shall for this purpose 
follow the rules given by Thomson in his System 
of Chemistry* He arranges the initial letters of 
the name of the earths in such order, that he 
begins with that of which each fossil contains 
the most, and so on in succession till that of 
which it contains the least. I cannot make use 
of the same letters as Thomson, because they 
are merely relative to the fjiglish name ; and 
as these formulae ought everywhere to be equally 

* See farther, on tbii subject, the Appendix on Chemical 
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understood, I consider they ought to be founded 
on the Latin nomenclature. In order that no 
confusion may arise from the two kinds of for- 
mulae, I shall write the mineralogical in Italics. 
Let us then take Silica =:= 5, Alumina ss ^, 
Zirconia = Z, Gludna = G, Yttria = Y, Mag- 
nesia =5 M, Lime (calx) = C, Strontian = S/., 
Barytes = B, Sod^ (natron) = Ny Potash 
(kali) = Ky Peroxide of Iron = F, Ferrose 
Protoxide of Iron = y; the two united Ffy 
Oxide of Zinc = Zr, Peroxide of Manganese s= 
Mgy and Protoxide of Manganese = mg. 
Water = Aq. 

When in the formula the symbol of the earth 
appears without a number before or after it, it 
signifies that in that case the quantity of oxygen 
of the earth is the unity in the formula. A 
cipher to the left of the letter signifies a like 
number of such unities; and a small cipher 
above to the ri^t, denotes that the earth con- 
tains so many times as the cipher expresses 4lie 
oxygen of the earth standing beside it. We 
shall take tome examples firom the analyses we 
have already gone through. 

The composition of nephelin, in which alu- 
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mina and silica contain equal oxygen, is ex^ 
pressed by A S. 

Table-spar, in which the silica contains twice 
the oxygen of the earth, is expressed by C -S*. 

The fomnilae of more various composed fossils 
are composed from the fonnulae of the single 
salts which enter into them, for example, the 
composition of icthyophtalm szKS^ + B C S\ 
ofbys8olite=r 3f S* + C S^ + Mg S* -h 2FS. 

The mineral productions divide themselves at 
first sight into two classes : 

1. Bodies formed entirely agreeable to the 
principles of composition in unorganic nature, that 
is, the union of binary bodies and binary bodies 
with each other. (I have already in another 
place shown that the principle of unovganical 
compositions is that it consists only of two ele- 
ments, and when they seem to have a more 
Various composition, it proceeds from their con* 
taining a combination of two or more ^ch bodies 
composed of two elements.) 

2. Bodies formed agreeably to the principle 
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ff compositum m organio naiure^ and therefore 
ccmsidered as remains of a former organization. 
(I have also in the same place shown that the 
principle in organic compositions ccmsists in 
the circumstance that more than two bodies, 
usually three or four^ of which oxygen is always 
one^ are combined into one which cannot be 
considered as a compositiott of two binary in- 
gredients. So that unorganic nature consists 
of binary bodies and their combinations^ and 
organic nature consists of ternary and quater-* 
nary bodies^ partly separate, partly united with 
each other, and partly with binary, that is, un- 
organic bodieSt) 

« 

In most systems of mineralogy, diamond, 
graphite, coal, asphalt, and naphta, have been 
arranged in the same class. It is evident that 
this classification is as inaccurate as if we were 
to describe asphalt or nn^hta in the chapter of 
carbon. For the same reason it is dear that 
honeystone cannot belong to the former class,, 
but must be treated of in the latter. 

A correct arrangement of the former of these 
classes forms the principal object of a mineral 
system. As mineralogy constitutes a part of 
chemistry, it is clear that this arrangement ipust 
derive its principle from chemistry. The most 
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perfect mode of arrangement would certainly be 
to allow bodies to follow each other according 
to the order of their electro*chemical proper- 
ties, from the most electro-negative, oxygen, to 
the most electro-positive, potassimn; &nd to place 
ev^ry compound body according to its most 
electro-positive ingredient. But this arrange- 
ment has difficulties which at present render it 
almost impossible, and of which the principal 
is that we only know in a very incomplete manner 
the electro-chemical relations of single bodies. 
We must therefore, until we become better 
acquainted with this subject, content ourselves 
with an approximate arrangement. We divide 
the single bodies into three classes, oocygen^ 
simple inflammable bodies which have not the 
properties of metals, which I have denoted by 
the name of metalloids^ ^snA metals; and we 
distribute them in the order in which they follow 
one another, from the most electro-negative to 
the most electro-positive, in every class. This 
order is nearly as follows : 

1. Oxygen. 

2. Metalloids. 

Sulphur Fluoric radicle 

Nitricum Boron 

Muriatic radicle Carbon 

Phosphorus Hydrogen 
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3. Metals. 



Arsenic 


Lead 


Chromium 


Tin 


Molybdenmn 


Nickel 


Tungsten 


Copper 


Aiitimany 


Uranium 


Tellurium 


Zinc 


l^cium 


Iron 


Tantalum 


Manganese 


Titiinium 


Cerium 


Zirconimn 


Yttrium 


Osmium 


Glucinum 


Bismuth* 


Aluminium 


Iridium 


Magnesium 


Platinum 


Calcium 


Gold 


Strontium 


Rhodium 


Barytium 


Palladium 


Sodium 


Mercury 


Potassium 


Sihrer 





Every one of these single bodies can consiiiuie 

• I baYe placed bismoth here, aot became I am of opinioB 
<hat this is its most propef place, but because I do not know 
Where it possibly can have its place, and yet lomewhcre iC 
iMMt> «r seme way or other^ be placed, 

D 
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a mineralogical Jamily, which tviU then consist 
of that single body and all its combinations with 
bodies which me electro-negative towards it^ that 
is, which with some few exceptions precede it in 
the above series. 

The family is divided into orders according 
to the different electro-negative- bodies with 
which the most electro-positive are combined : 
these orders may then be^ for example, 1. Sul- 
phurets, 3. Carburets, S. Arseniurets, 4. TeUu- 
rets, 5. Oxides, 6. Sulphates, 7. Muriates, 
8. Carbonates, 9* Arseniates, 10. Siliciates, and 
so on. It is clear that the number of the orders 
is increased in proportion as we approach the 
positive end of the series. In this manner we 
constitute orders to families and &milies to 
orders, that is, determine fiunilies according to 
the electro-n^ative ingredients, and orders 
according to the electro-positive. Both may 
have their advantages and their difficulties, 
like all other systematic arrangements; and 
thar 'various advantages cannot be Ailly as- 
certained except by a complete application of 
both. So far as I can perceive, the former 
has considerable theoretical advantages, not- 
withstanding the latter possesses di£^ent prac- 
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tical good qualitioB if I may so epesk; thus, 
for example, it arranges the whole of the ex.- 
tensive class of siliciates together, and thus 
in an uninterrupted chain shows their coinci- 
dences, differences, and transitions into one 
another. 



Wh^n the orders are very numerous we must 
contrive resting points for reflection and recol- 
lection, through the use of which the whole may 
be easier mastered; a;nd these must difier ac- 
cording to the different varieties of minerals which 
belong to the order. When the ord^ does not 
contain more than three^ four, or six dif^rent 
minerals, it is suffident to divide it merely into 
species. By minerals of the same species I here 
mean the same thing as Werner, the same com^ 
position and in the same proportion. The di& 
ferent forms under which the same species ap- 
pears are varieties. .When again the order is 
very extensive, containing from 20 to 100 species 
and upwards, as is the case with the order of 
siliciates on electro positive bases, the memory 
is very much assisted by dividing it first into 
subdivisions; tor example, Ist Subdivision, Salts 
of two ingredients, or single salts. 2d Subd* 
Salts with three ingredients, double salts. And 

]>2 
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4th, Salts with three and fi>or ti0iefl» tr^^le tad: 
quadruple sails. 

These subdivkions may be divided next into 
genera^ and the genera into species* A genua 
comprehends all the minerals which have nearly, 
the same ingredienUiu The species again consists 
of the variations in the rdative quantities of 
these ingredients. 

This is certainly not the fit j^e to go farther 
into the particulars of the mineralpgical ar- 
rangement, particularly as these are no other 
than expedients for the sake of convenience, 
which appear to most advantage in an arra&ge* 
ment of the whole system^ and may well be dis- 
pensed with in the exposition of single parts. 
However I shall, in the order qf siliciates of the 
fiunily of alumina, give.anarrangemait into sub* 
divisions, genera, and species, in the way that I 
think ought to be adopted. That I do not adopt- 
it in other phces is because I have brought for* 
ward so few species that this do^ not bec<Mne 
necessary. 

With respect to the detenninatioit <^ the 
&mily to which the minerals belong, we taustobK 
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lerve a sohiewhat different principle for the in^ 
flamniable and for the oxidated opders: thus, 
for exataaple^ when the question is whether a nil- 
phurety or araeniuret, &c. be double or compkxy 
it is placed wider that one of the electro^po^itwe hir 
gredienis qfwhieh it cemtains the greatesi nufmler 
ofpartkUsy or if tJSe number of these is equal, uudtf 
the most electro*posiiive^ 

When again the questimi respects an oxidated 
mineral which consists of two or more oxides^ 
ii is then always placed under the most electro^posi^ 
tive of the oxides without reference to the number 
of the particles. Through the adoption of these 
two circumstances we obtain this great advant- 
age, that minerals of kindred compo^tions are 
placed near one another, and that, for example, 
the whole of the great class of double, triple, 
and quadruple siliciates are as good as arranged 
together under the three or four last electro-posi* 
tive bodies which end the system.. 

I shall here give some examples of the ar- 
rangement, and forthatpurpose shall make choice 
of three families, silver, iron, and aluminium; I 
shall, however, not follow the principles too 
strictly, because my principal object was to 
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show on the one hand the pombility of the 
scientific arrangement, and on the other the 
correctness of the application of the chemical 
proportions. I have therefore in every one of 
the three fiunilies chosen different species, which, 
had I been writing an entire- system, I should 
have plaqed in another family. But in the ar- 
rangement which in the following part of this 
treatise I have adopted, my view has principally 
been to create a scientific airangement ; so that 
these examples may be consid^ed more as im-f 
perfect monographs of each &mily, than as 
parts extracted firom a whole system connectedly 
digested. 

Silver Family. 

15/ Order. Pure Silver. 

^gentufn naiwunij native silver, with all its 
varieties* 

^d Order. Sulphurets. 

1st Species, Bisulphureium Argenti — Sul- 
phuret of silver. The chemical formula for this 
composition \& Ag -{- ^ S. 

2d Species. Stdphuretum Argenii^ Stihiiy et 
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F<jrri — Sprodglamcerx^ Analysed by Klaprotb, 
Beytr. i. 166. 



Silver »i f 

Antimony ......••. lO'O > 

IroD • 5*0 ) 

Copper, Anenic, Stony") |.^ 

matter.....' J 

Lost 5*0 



receives of 
•Qlphor 



8*00 1 



I6*M 



If the loss in this experiment is supposed to 
be chiefly sulphur, the analysis then gives 1? 
per cent sulphur, while the metals receive 
16.\ Klaproth determined the proportion of the 
smtimony at from 10 to IS parts, by means of 
oxide of antimony obtained from aqua regia, 
and dried but not heated to redness, which IS 
parts contain, besides oxygen, both water and 
muriatic acid, according to my experiments on 
oxides of antimony, and CQuld not therefore have 
contained more than about nine parts metallic 
antimony. This mineral appears to be rather 
9 mechanical mixture than a chemical com- 
bination of sulphurets of silver, antimony, and 



iron. 



Sd Species. Sulphureium Argenti, Ferri^ Cupriy 



^ Slibii — Grau giltiger^. Aoalysedby Rli^rotl^ 



Beytri^,iv.72. 
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B^ire I enter on the exposition of tbia 
analysis I shall state what I understand by pi*o - 
portionat degrees of oxygenation. In the calcu- 
lation of the Buiober of volumes (atoms, par- 
ticles) in which the metals are contained ia 
similar combinations, there is no easier way of 
arriving at the result, without long calculation, 
than by determining how much oxygen the metals 
take up in the oxides, which are assumed to con- 
tiun the game number of volumes of oxygen. In 
the above analyus ail the oxygen is calculated on 
the supposition that the oxides contain two 
volumes of oxygen. Chemistry however has not 
yet discovered this degree of oxidation in an- 
timony ; although it is possible that it may exist ; 
but at all events it is a convenience for us to avail 
ourselves of it in calculation. To those who may 
be dispos^ to consider this as a sort of pleading 
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for a feeble degree of the honour of proportion, I 
must be allowed to saj that such a merely 
calculated oxide never appears where the 
Ifigher or lower existing degrees of oxidation can 
be obtained; of which the contents" of oxygen 
constitute a multiple with a whole number of 
unities iii ^b combination, and that it is there- 
fore merely for conv^ience' sake that I avail 
myself of th^ imaginary oxide. 

From the small variations in the analyses of 
the same mineral we easily perceive that, in case 
it is a chemical combination and not an aggre- 
gate, it contains one particle (atom or volumej 
of silver, two particles of iron, three particles of 
antimony, and six particles of copper, combined" 
with sulphur in such proportions that the copper 
gives a sulphuret, the silver a bisulphuret, the 
antimony a trisulphuret, and the iron a quadri- 
sulphuret ; altogether the most usual sulphurets 
in which these metals appear. The formula 
which expresses this composition is Jg S* + 
^ Fe S^ + $ Sb &^ +6 CuS. 

. 4th Species. Sidpkuretum Argenti et Stibii 
cum Oxido Siibioso — Red silver dire. Analysed 
by Klaproth, Beytr. 
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. Stltrr. ^i'o J takes op oxygen ^— 4's§s t 

Ant'imoay 18*6 f hi prttpoitjobal ^ 8*90t t 

fiulplittr 11-0 f degrees of oxj- 1 

Sttlplraric acid 8*5 / geaatloau ( 

No chemical principle leads us to suppose that 
sulphuric acid is found in this mineraL Klap- 
roth was not of opinion that the oxygen in th^t 
mineral belonged to the sulphur. Proust after* 
wards discovered that the sulphuret (^antimony 
possesses the property which no other sulphuret 
does, of combining chemically with oxide of anti- 
mony; and that crocus of antimony is the re- 
sult of the combination, which by fusion can be 
mixed in almost every proportion both with the 
protoxide and with the sulphuret of antimony, 
and with other metals less inflammaUe than 
antimony. The colour of the mineral shows that 
It contains a combination resembling crocus of 
antimony. If this combination, as I once from 
8 hasty experiment on crystalline crocus of an- 
timony was led to suppose, is composed of two 
particles of sulphuret of antimony with one 
particle of oxide of antimony = 2 S^ S * -f- 
.Sb O^j then ^ of the contents of antimony in 
the mineral are combined with sulphur, and -^ 
with oxygen. But 62 parts silver take up 9*176 
parts sulphur, and 12*334 parts antimony (f of 
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18'5) take precisely the half of it = 4*588 pirts 
sulphur. Hence the composition of this mi* 
neral isexpressedby 5i 0« + 2 Sb S« + SAg 
S*. ^Conseqoently the composition of the mi- 
neral in numbers ii 

SU^er • . 69.00 Mphiret of siWer. . • . 7 1 'i7« e 

Antimmy .... 1 Sjo Solphnret of antira 1 6.i>89 « 

Snlphar IS.76 Protoxide of antiM.* . « . 7.£i7 1. 

Oxyftn...^. !•» 

which, as far as the proportion of sulphur is con- 
cemedy coincides ivith the result of Klaproth* 

Sd Order. Stibiets. 

It i$ known that antimony forms two oxides 
that have acid properties, whence it follows that, 
like arsenic, tellurium, and sulphur, it must ap- 
pear as an electronegative ingredient in respect 
to other metals, which is also the case with both 
silver and lead. Hereafter still more stibiets 
may be discovered. 

Ist Species. Stibietum Biargenti — ^Antimo- 
nious silver ore. Analysed by Klaproth, Beytr. 
iii. 175. 

Silvpr 77 0»'^«o^y5«"'»»P'®:?— 5.7D. f 77 
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I^ence tha mafydt, gives tbu stiUet exaetlf 
filans. Analysis by Klaproth^ Beytf. iuSOl. 

Anuo«.y..i6j degr. of «idatlin ' f |4 J ??. 






Heocetbeanalysis deviates very iiiconsidterably 
at farthest from tbreeparUcles silver taone parti- 
cfe of antimony, and probabjy would not eochibit 
the smaUest difference if the silver in the analy- 
sis had not been weighed after copper, which 
^ways occasions it to be somewhat coppery. 
The formula for the composition of this stibiet 

*tb Order. Tellorets^ 

1st Species. Biiellwetum Ar genii with Se- 
telluretum Auri^Amnm graphicum. Analysis 
by Kkproth, Beytr. iii, 20. 

SU«r •fO^P«'r''«na> degrees of ^ 2-*, , S8-„ 

The proportion of gold in this analysis appear* 
nearly two per cent too high, This mineral. 
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supposing the analysis in other respects correct, 
is = wrfg T* + S Au T«. The disposition of 
the gold to take six volumes of tellurium is analo- 
gous to ivhat happens in the common telluret, as 
well as sulphuret and oxide, in all of which it 
unites with three volumes of the electro-negative 
body. 

2.d Species. Bitelluxetum Argenti with BiteU 
luretum Plumbi and Triielhiretum Auri — Weis- 
serz, Gelberz. Analysed l^ Klaproth, Beytr. 
ui. 25. 

Gold • S6*7& Vn prop«rti-v ^'i^ 3 9?*t9 

Lead 19*50 ^onal degrees ^ l*5fi 9 18'9» 

SUver 8*m( of oxidation) O^s 1 9*8a 

A trace of Sulphur. 

In looking over these figures we find that the 
contents of the silver are nearly one per cent* too 
smalL But when we see that in the analysis cS 
Klaproth f* of the contents of silver are obtained 
by fusion with carbonate of potash firom a nutas 
of quartz grains, which amounted to 12 times 
the weight of the silver, we are not to wonder 
that the whole quantity of silver found was not 
so fully brought out as to give the utmost ac- 
curacy to the proportion of silver in the result. 
Allowing a small error in the proportion of silv^ 
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£)und> this mineral will contain one particle silver, 
two particles lead, three particles gold, and 1 5 par- 
ties tellurium; and the mineral is, agreeably to 
what I demonstrated in an Essay published long 
ago, (K. V. Ac. Handl. 1813 sedn. Halften.*) 
so composed that, if the metals are oxygenated to 
their proper pointy we obtain neutral tellurates. 
The formula for the composition of the mineral 
is therefore AgT* + tPb T* -^ S Au T^. 

5th Orddr. Aurets^ . 

1st Species. Biauretum Argenti — Electrunu. 
Analysis by Klaproth, Beytr. iv. 3. 

Gold ...^. .64 (takes in proportional) 5* ig s 64*mi 
Silver 36 ^ degrees of oxidation J 2*66 i 35*it 

Hence this mineral is = -^^ + 2 Aiu 

2d Species, jiuretum Biargefdi — Aurifer- 
ous silver. Analysed by Fordyce, Phil. Trans. 
1776, p. 523. 

Silver 72 > takes oxygen in prop. C2*s9 s 74 

Gold .28$ degrees of oxidation J2'S4 i 26* 

The proportion of silver in this analysis is a ' 
little too low ; but as it was made at a period when 

:l ' * Also in Scbweigger's Journal, November, 1812. 
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chemistry did not possess all its present expedients 
for obtiaining precision, this circumstance is not 
to be wondared at. 

Sih Order. Hydrargyrcts. 

Ist Species. Bihydrargyretum Ar genii- — 
Native Amalgam. Analysed by Klaprotb, 
Beytr.i. 183. 

Mercury. .64 { takes in proportional ( 5*i2 f 65*s% 

Silver S6 > degrees of oxidation \ 2*66 i 34-^' 

The formula for this compomid therefore is 
Jg^2Hg. 

7th Order. Carbonates. 

1st Species. Carhonas Argenticus (^tibio-car^ 
Ifonas ArgerUicus ?J — Carbonate of silver. Ansr 
lysed by Sdb, Aikin's Dictionary, Part ii. 295. 

Silver 79-5 

Carbonic acid 12o 

Oxide of Antimony .IS's 

From the circumstance that the silver 'here is 
stated -in the metallic form^ and yet, that there is 
no loss in the analysis, it is probable that no 
great reliance can be placed in the result. Hie 
carbonic acid, as stated in the table, includes 
probably also the oxygen of the silver. On this 
supposition the result of the analysis is such 
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that the mineral may be considered as a deuble 
salt with two acids, and the silver in it may be 
equally divided between the carbonic acid and 
the oxide bf Antimony, in which case its composi- 
tion would be ifg O* + 2 C 0« with Ag 0» 
+ Sh O*. This is merely thrown out. to ex- 
cite attention to the possibility of such a com- 
position of the mineral, is case it should here- 
after be found in sufficient abundance for an ac- 
curate analvsis* 

%th Order. Muriates. 

1st Species. Murias or genii — Homsilver. It 
isJg 0« + 2 MO*. 

Iron Famii^y. 

1st Order. Native IroB. 

1st Species* Native Iron^ According to 
Klaproth, alloyed with a little lead and copper. 

2d Species. Meteoric Irojt. Alloyed with 
nickel. 

2(2 Order. Sulphurets. 

1st Species. Quadrisulpkuretum JPWri— Py- 
rites. ^Fe + ^S. 
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' Sd Species* Bisidphuretum Ferri — Magn^ 
tic Pyrites, *& Fe + 2 5- 

2d Species* Bisulphuretum Ferri with SuU 
phuretum Cupri — Copper Pyrites from Hitterdal 
in Norway. AAaiysed \^j Klaproth, Beytr. ii. 
281. 

Iron . . . . T-»> J^ «g^ J} 5 ?-ai i > take, .ui- $ = 4»43 Vv! 
Copper. .e9-iS l^^^T jnse 8 J p»»" I \V¥> 70-47 



J.J 



Sutphi 
•nd >$3'o 21-89 81*9< 

Loss. 



Hence the composition of the mineral is eight 
poitioles <xf the sulf^iuretof copper to one parti- 
cle of die hiAulplmret of iron, « Fi? S« +6 
Qt8. 

4di l^xcieB. Sisulpkuretum Ferri^ with Sul* 
p/mretnm Cuprh and Stibietvm Phmtbi — Lead 
Fahlore. Analysed by Klaproth, Beytr. iv. 87* 

Le^d ....34-60^ 2^^ f — 2»65 i 29*0 

AalMMOjrievM rpl S'os i 18*0 

Copper ..16'fift >al's S -^'^^ '^ i ^^^ 5 4*°^ 1^*0 

froii 18-75 I ,|-.| 4*10 8 J sulphur J 8-«5 13.5 

.Salpdur . ..13-^ J 1 ly 1 -* 16-* 

12-32 

.Stiver.... S'9s 
Loas .... d'7& 

Hence it seems that this mineral, with the 
^'deduction of a small foreign mixture of sul* 

E 
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phoTet of lead and tulpburet of stiver, contains 
the metak in such proportion that the composi- 
tion is expressed by the formula, = Pb S + 

3d Order. Carburets. 

lat Species. Supercaihurelum Ferri-^CraphUe 
—Black Lead. 

The small proportion of iron in this substance 
long induced me to suppose it to be pure carbon, 
mechanically blended with a little of the car- 
buret of iron. But as the proportion of caiiKm 
in the artificial bl^k-lead, which crjstalliaea 
during the fusion of cast iron, exceeds 90 per 
cent, this body must therefore be a chemical 
combination ; because we cannot nippoec! that an 
elementary body can separate itself frmn all 
combination with another from the mere dis- 
position to crystallization. Besides, it is known 
that the crystallizing hydrargyret of potaflsium 
does not contiun fiill three percent, c^potassium} 
though it is beyond all doubt a chemical com- 
binadon. This demonstrates that themaxlmom 
of particles (atoms, volumes} of a body which 
can be combined with a single parttde of 
another must be Tcry great. For ilj acHHtling 
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tb Ihd analysis' of Saiissiire, the pure natiVe 
graphite of Cornwall contains 96 parts carbon 
for four parts of iron, and if the artificial, accord- 
ing to Bertlibllet, contains 91 parts carbon for 
tiine parts iron, one particle of iron in the first in^ 
stance is combined with 208, and in the second 
With 98 particles of carbon ; .or, allowing for a 
trifling error in the analyses, the former may tje 
Fe 4- 200 C, and the latter Fe -V 100 C. 

2d Species. Suhcarluretum Ferri — Native 
Steel firom Labouiche in France. Analysed by 
Godon de St. Memin. .Journal de Th. Ix. 340. 

tron 94*5 

Carbon X 4*3 

. . Pboephorus !*• 

This iron is stated to be malleable. In my 
analjTtical experiments on cast iron I found that 
iron which contains 3^ per cent, carbon = S Fu 
*|- C is already in the highest degree brittle and 
completely immalleable. However if we assume 
this analysis to be something like correct, the 
combmation would be 2 Fe + C mixed with 
^ little phosphuret of iron. 

4//i Order. Arseniets. 

1st Species. Arsenietum Ferri— Misspickel. I 

s2 
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Imiow no analysifi of this fossil, but believe that ' 
it may be securely calculated at 

Iftm 4S*48 

Aneuic »..• •M'm 

That is, *s Fi? -f /is. 

2d Species. Arsenietum Ferri, with Sulphu'^ 
return Cifpri— Fahlore, from the mine of Hohen- 
birke, at Freyberg, Analjrsed by Klaprothy 
Beytr. iv. 40. 



Iron .SS'ft I9^M i 

Arsenic 24*1 23-6a i 

Copper .....41*0 « 45'44 t 

Sulphur 10-0 ll*s« t 

Loss ........ S'o 



If therefore this mineral is a chemical combi- 
nation, and the difference between the iresuit ob« 
tained and the result calculated is to be consi- 
dered rather as the fault of observation than aa 
Or^nating from a mechanical mixture of the 
iQgfiedients of differant minerals, it will be eooi^ 
posed pf F<? ^ + 2 Cu S. 

Sd Species. Arsenietum Ijferri with sidphu^ 
return cupri — Fahlore, another species from the 
mine Jonas, at Ereyberg, Analysis by Klaproth, 
Beytr. iv. 53. 
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Arsenic.... 15*6 S-sg I 3^4 i 15*8* 

copper ...... N. j io.« s {^J«,\0;<"}44.. 

Sulphur... lOo j |iy t 10-40 



Autimooy 1*» 
Silver..... 0*» 
Lm» ft 



So that the arsenic is the unit in this combi- 
nation, and the mineral consists of = Fe ^As + 
SCuS. 

Sth Order. Tellurets. 

1 st Species. Supertellwetum Ferri — Native tel* 
lorium. Analysed by Klaproth, Beytr. iii. 8* q 

TeHurittai 9l*5i'l takes »xyg«ii fit pro- (ss 89*0o to 99'O0 
Iron..... 7*30J por. deg.of oxid. I S'ls i T'ft^ 

CSold 0*» 

Lots..... 1*00 

This mineral is therefore Fe + 10 Te. But 
the number of particles of the tellurium oo^t to 
be determined with greater precision^ because 
very small variations in the result of the analysis 
easily change them from 9 to 12» and this mi- 
neral probably contains some one of these nam* 
bers, 

6/A Order. Oxides. 

1st l^ecies. Oxidumferricum — Iron glance^ 
of various forms. Its composidon is F + S 0. 

3 
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2d Species. Oxidum fe^roso-feniam — Mag^ 
nctic iron-stojie, of all forms. 

According to my experiments, magnetic iron- 
stones, and minerals merely attracted by the^ 
magnet, have the same composition,* and con- 
sist of ... 

Oxidum ferricom 69*os> contain (=: 2i*i89 3 
Oxidnm ferrosnm 30*98 { oxygen } 7'06S i 

So that the peroxide hold3 three times the 
oxygen of the protoxide. The combination is 
therefore = Fe 0^ + 2 FeO\ 

It is extremely probable that thp pure or free 
black oxide of iron occurs as seldom in a mineral 
state as other stronger saline bases. 

Tth Order, Sulphates^ 

1st Species. Sulphas ferrosus-^'biitxve iron- 
▼itriol. FeO^ + ^SO\ 

2d Species. Sulsulphas hiferricus — Ochre from 
vitriolic water, deposited from the preceding' 
fpecies. 2FeO'+ S0' + 6H^ O. 

?d SpecieSb Suhsulphafi quadriferricus^^Irm 

• S^fartbcr, Appendix IV. 
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pitch ore. Eisenpecherz. Fer oxidS rSsiinie 
Analysed by Klaproth, Beytr. v. 221. 

Oxide of Iron 67) ^^„#-.„ (=20-56 4 <J7'8o 

Sulphuric Acid 8V ^I°*|" 4 4 so i 8« 

Water «5) ®^yS«° ( gg-os 4 23*44 

This analysis demonstrates to us the existence 
of a sulphate of iron formerly unknown. The 
proportion of sulphuric acid is here a slight 
degree too little, and that of the water, probaUy 
from mechanically adhering humidity, a little too 
high. It will at all Events be admitted that the 
salt is 4fFeO^ + S 0* 4- 12 H^ O. . 

8/A Order. Phosphates. 

1st Species. Phospkasferrosus-^'Ns^e Prus- 
sian blue. FeO^ + 2PO\ 

This salt is usually at first phosphas ferrostiSf 
but it takes in the coui'se of time, through the 
agency of the air, a higher degree of oxidation, 
and receives a blue colour, under which it is 
changed to phosphas ferroso^ferricus. Through 
this change it receives a small mixture of nub'- 
phosphas ferrictcSi and suffers by that means a 
small change in the contents of its water of crys* 
tallization. 
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2d Species. Sulphosphas ye/ricitf— Phos- 
phated iron. Per phusphatS. Lucas^ TabU Metk. 
ii. 413. Analysed by Laugier, Ann. du Miis. 
d'Hist Nat. iii. 40^. 

Oxide of Iron 41*25) -rt„*o:„ C = 12'S7 41^4 

Phosphoric Acid ♦...22-85S ^«""*"'' 3 ig-i, gs-ao 
Water. Sl-ft*) ^^ygen ( ^^ 29.19 

Siliea 1*99 

Alumina .....•• 5'00 

Hence tbis mineral is Pe O* + I^P O* + 6 

3d Species. Subphosphas ferricthmanganiais — 
Manganese phosphate ferrifere. Analysed by 
Vauquelin, Journal de Min. No. 64, 299. 

Oxide of Iron ... tf 91 

Oxide of MansMicse .42 

Phosphoric Acid 8T 

This analysis does not Gorresp<»id with any 
calculation. All that we can infer from it is 
that the mineral is a double subphoqphate. 

9/A Order. Carbonates. 
1st Species. Carbcnas ferrasus — Sparry or 



• ' 



-« The original hat 19*95 from an inaoeuiate calcidatiaD nf 
ttie composition of the phosphate of lead. 
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vfhke irod-ore. Analysed by BochhoLe, Journal 
de Chemie und Physik, 

Protoxide of Iron. ••59*5 Ceontain) r: 13*S8 i 58*77 
Carbonic Acid 36*o ^ oxygen > 26*m q S6'79 

Ltree S^ 

Water S-o 

This mineral, which most frequently appears 
mixed with greater quantities than in the present 
example of magnesia, lime, or carbonate of man- 
ganese, is obviously a carbonate of iron com- 
posed of = Fe 0« -h 2 C 0«. 

2d Species, Sulbarlonas ferroso-ferricus* It 
does not constitute a separate mineral, but it 
appears not un&equently mechanically blended 
with ochres, bog ores, &c. where, through the 
agency of water and air, it is destroyed and trans- 
formed to hydrate of iron. 

Itth Order. Ai^seniates. 

Ist Sp^es. Subarsemas biferricui — Cube-<M*e. 
Per arseniaiS* Analysed by Vauquelin, Brog* 
niart, ML 18S. 



OxideoflroD 48^ . r:= 14-6 9 47-6a 

ArsenicAcid ...18V *-"""■'" J 7*5 i 17.4a 



Water S«> ®*y«^" ^ a^-j 4 8«-9* 

CarboQiite of Urns,**. 8 
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The salt is therefore 4 JTe 0« + As 0« + 24 
H'O. 

II ih Order. Chromates. 

Ist Species. Subchromis cduminico^erricus^^ 
Chromate of Iron. Fer chromatid Analysed 
by Laugier, Ann. du Mus. d'Hist. Nat. iv. 325. 

Oxide of Iron 34) (= 10*« 9 S4-(» 

Alumina \\( contain ^ 6*17 1 U'it 

Silica. 1 

Oxide of Manganese 1 

It appears very probable on a first inspection 
that this fossil must be a double chromate ; but 
when we compai'e the analysis of Laugier, Klap- 
roth, and Vauquelin, which do not materially 
differ nor exhibit any particular loss, though 
they reduce- the chromium to the weight of the 
green oxide obtained in the analysis, we imme* 
diately perceive that this mineral cannot contain 
chromic acid, because for 6S per cent, green 
oxide, there must in that case he a loss of 
15'77 per cent, from the oxygen which this 
chromic acid must have given out before be- 
coming an oxide. I have ventured jto call the 
mineral chromisy though I am well aware that an 
oxide exists between the acid and the greea 
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oxide, and that it is possible that it also gives 
combinations where it constitutes the electro* 
negative ingredient. I call^the mineral sub'* 
ckromisy because a neutral chromite must contain 
three times the oxygen of the base, for tbi» 
reascm, that the green oxide contains threq 
volumes of oxygen. This mineral therefore con- 
sists, agreeably to the exposition, of two particlest 
subchromis ferriais, and one particle ^z^^c^rofTt^ 
alundnicus^ 

Another similar mineral whlpb Klaproth 
£^ialysed (Beytrc^e, iv. 139) seems to consist of; 
four particles of the former to one particle of the 
latter. The analysis however does not exactly 
correspond tp any calculation. I must reniatk 
that the specimens of this mineral which I have 
had opportunities of examining have not had 
the smallest influence on ,the magnetic needle, 
and therefore could not have contained protox^ 
ideofiron/ 

I2th Order, Tungstates. 

1st Species. Subwolframias ferrico^mangq^ 
nicus — Wolfram* Analysed by Vauguelin and 
Hecht, Journal de Min. No, 19j 18.. 
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TttlMstlc Acitf er-oo^ contain C«* ^^'^^ » ^^ 

Oxide of Iron I800V ^""""" < 5-4o s 16-95 

Oxi4« ^r Manganese 6-95) °*y5«» ^ i**, i s-a* 



Snica 1*50 

I<«w *••> &'a6 

I haive elsewhere shown that in neutral tung- 
states the acid contains six times the oxygen in 
the base. This salt is therefore a subsiungstate. 
Its composition isMgO + fFO^ with S PO^ 
+ SWO\ , 

I3lh Order. Siliciates* 

1st S^>ecies. SupersiUeias Jerrtcus^^CryUsl" 
insed brownish-red iron. Analysed by Bucbhoh^ 
JootimI for die Chemie und I^aqu^ tL 156» 

SUica........ 76*9> coBtoHi C — S8*«4 » IS'rt 

Oxide of Iron 21'67> oxj'gen } . 6*ao 1 Sl'ss 

Oxide of Manganese 0*s» 

Hence it is s FS\ 



I 



2d Species. Trisilicias ferroms. See the exi^ 
ample of single siliciates. =s jF J' + 2 Ag. 

3d Species. Silicias ferroso-alumirdcus — A 
black mineral from GiSinge without a name« 
Analysed by Hisinger, Afb. i F^s. Kern, och 
Mineral, iii. 90Q* 
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ailica 8T'6^ r^l$'9bt «7Mf 

Protoxide of Jrini*. .47*8 f contain 1 1O*«0 « 47*s« 

Alumioa 5*<> r oxygeh j $'57 1 5*77 

Water..... .,.11'75) ( 'lO'W 4 \i*u 

Oxide of Mangaoese O97 

The quantity of otade of iron in this mineral 
is determined by the weight of the oxide when 
burnt with oil. The ori^nal has therefore 51*5 
for oxide of iron, which corresponds to 4*8 per 
cent, protoxide of iron.- The composition of 
this mineral is eiqu:eBsed hj A S + ^fS + If 
Aq. 

4th Species. Silicias ferrosth-magnesicuP'^ 
Chrysolite. Analysed by Klaproth, Beytr. L 
110. 



* 



Silica S9'o ; ^^„,.s„ ( = 19's« s 40-aa 

Maj^nesia 43-5 i *^'»"'*'° ) 16» 4 ttss 

iVotoxifleoflroall'e ) •*J^«*" ( 4-w i 17-»5 

Klaproth obtained in the analysis of this vox* 
neral an augmentation of we^ht of two per cent^ 
wliich disa{^ears when we reduce, iis in the 
above, the weight of the oxide obtained to the 
protoxide. This mineral is therefore sa/*S + 

5th Species. Silicias ferraso^caMcus — Mela- 
nite. Analysed by Hisingei:^ Afb. i Fys, Kern, 
och Mineral, ii. 157. 
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z± lT-14 c 31'dt 
7*60 I 33*81 

6'8S 1 21 U9 



Protoxide of Iron •* . 33-40 S- -_-,-^„ < 
Lioie, 24*36^ "'^6*° I 

Alumioa I'oo 

toss from heatiof . .... O'so 

After allowing for trivial inaccuracies in the 
iresult, probably owing to a fol*eign mixture, this 
mineral is =/S + C 4?* 

6th Species. Silicias fetricb-'Cdlcicus — A gar* 
het shap^ mitietal. Analysed by BUchok. 



< 



Silica 34-00) . ( = 16-89 « SS-s 

Oxide of Iron... 26-oot *®°'*"' \ lb i 27 o 

JLime 3O-75S ^^^y**" ? «-4 I 28-5 



Alniiilila. •..•.*.;i^... 2.oo 
Oxide of Manganese. . 3*5o 
Carbonic Acid and ) . 
Wat^r S *** 

The presence of the carbonic acid in this mi- 
neral betraj^s a slight mixture of carbonate of 
lime. It is in other respects FS -\- CS. Heiice 
it appears that the 5th and 6th species difFei* 
merely in the degree of oxidation of iron. 

7th Species. Silicias ferroso-calcicus with SU 
licias aluminicus — Black garnet, Melanite. Ana« 
lysed by Klaproth. 

* Galcnlated ffom the oiide hntni With oih the origioat 
has 36-50, 
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Silica * »...35s ) ( =: 17« « S4'i» 

Protoxide of Iron 92*b f contain j 5*i9 « S5*is 

Liwe 82*4^ oxygen \ 9*io s SO'c? 

Alaniiaa;....b «... 6*0 J  ( S*8 t 6*11 

Oxide of Manganese. . . 0*4 



This mineral is therefore a^ A S -h ^fS + S 
C5. 

Sth Species. Silidas numganico^forricus ttrith 
Sulsilicias ai2£mimc2^5-*-Gamet-shaped minersd 
from LaDgbanshyttan. Analysed by E. Rothoff, 
Afb. i Fys. Kern, och Mineral, iii. 

Silica S5'o ) rzzll'97 9 S4*4« 

Oxide of Iron,\ 26'o / contain j Vn s S7*^ 

Alumina 24*7 r oxygen j 1 !•« 4 9i*vt 

Oxide of Manganese. , S'Sj ( 9*6 t 8*m 

Lime 0'9s 

Soda I'OjS 

Carbonic Acid 2*oo 

This mineral therefore consists of M^ S + 
I^S + 4>AS. 

9th Species. Silicias alumhuay-ferricus with 
BUilidas caZcio/^r— Apiome. Analysed by Lau-^ 
gier, Ann, du Mus6e d'Hist. Nat. ix, 271. 
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l^ttea 42-0^ r^ 90*94 5 49.98 

Oxide ef Iron 14'5 f eontaip ^ 4'S5 i I4'oo 

liime 14*5^ ozygeo j 4*<m i 15'S4 

AJMiminfi 20*0 1 C 9*'* * l^*'*o 



bxide of Manganese. . . 2*o 
Loss by heating to J - 
redness J 



This mineral is therefore CS^ + FS + ^AS. 

This expostdon seems to demonstrate that the 
doufaHe silidate of iron €Hid alumina, like many 
Other ^Qidates, especially siUciates of lime, mag- 
nesia, and manganese, may form gamet-sbiqied 
minerals, in the same manner as sulphate of alu- 
mina forms with potash and with ammonia such 
similar salts, that we often take the latter for 
alum* 

Siliciates of iron occur in very great abundance, 
in minerals, for example, in mica, asbestus, 
tremolite, tourmaline, actinolite, chlorite, preh- 
nite, &c. but in the present state of chemical 
analysis it is altogether impossible to calculate 
tlie .composition of a mineral containing iron 
with any degree of certainty. Klaproth began 
to determine the contents of oxide of iron by 
mixing the oxide obtained in the analysis with 
oil, and burning it afterwards in a vessel half 
covered, on the supposition that the oil would. 
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falvmys reduce the oxide to a defiiiite degree^ to 
\tiiich the result of the analysis could then be 
coitipared. But this procedure is so inaccurate 
that we never can depend upon the proportioii 
of iron found ; for the oxide of iron is reduced 
by the oil, in a slight buming, not merely to a 
protoxide but to a metal. If this burning be 
continued with the access of air, the metal is again 
oxidated, and usually forms oxidum forroschfet^ 
ricum; but we can nev^r calculate oil this taking 
place completely, or be sure that it has in ni> 
degree been over*oxidated. It would be better 
therefore^ in all future analyses, t6 determine the 
contents of iron from the weight <^ the red 
oxide. In all the calculations of minerals con- 
taining protoxide, which I have already ad- 
duced, I have made a corre<stion, founded on 
the supposition, that what in the result of the 
analysis is given as derived from ojcide of iron 
burnt with oil was oocidumferrosthferricufny which 
contains 28*14 per cent, oxygen, and I am of 
opinion that in most cases we shall in ihh Way 
come pretty near to the truth. 

But there remains another question in mineral 
analysis much more difficdlt of solution. In 
what degree of oxidation does this ir6n appear in 
the mineral ? It is absolutely necessary for scietx- 

F 
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rific mineralogy to find a method to determine 
tbis. The iron may, for instance, be partly 
protoxide, partly oxidum ferroso^ferricumy pro- 
bably in more than one proportion between both 
oxides, and partly peroxide. When this latter 
appears^, it is usually most easily recognizably 
especially from the colour of the mineral, which 
is then yellow and red, or gives a powder of that 
colour : but then to distinguish between the twp 
former from the colour is difficult if not impos* 
sible. It is true, for example, that sulphas fer" 
rosus has a blue-green colour, where sulphas 
Jerroso^erricus has a grass-green one ; but this 
proves nothing for other cases ; for prussiasfer^ 
rosus is white, whereas prussias ferroso-ferrkus 
is dark blue. I must therefore recommaid it to 
those who occupy themselves with the analysis 
of minerals, to endeavour to find out secure 
means for recognizing the state of oxidation in 
which the iron is found in the minerals. The 
same observation applies to manganese. (See 
farther, Appendix IV.) 

14(A Order. Tantalates. 

1st Species. Tantalas manganico-jerrkusj 
(Manganoso-ferricus ?) — Tantalite- columbite. 
The analyses by Wollastoa, Klaproth, and 
Vauquelin. 
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Oxide of Colaaibiam....85 80* 88 83 

Oxide of Iron 10 15 10 12 

Oxide of Manganese.... 4 5 2 8 

We see that these results revolve round a 
common central point ; although no calculation 
can be made, as long as neither the quantity of 
oxygen in oxide of tantalum is known, nor the 
degree of oxidation of the two other metallic 
oxides is determined. 

2d Species. Sultantalas yttrico^Jerrostis^^ 
Yttro-tantalite. Analysed by Vauquelin. 

Oxide of Tantalam 45 

Oxide of Iron and Yttria 55 

From this incomplete experiment we can only 
discover that the above is a tantalate, and there- 
fore it must be a subtantalate. 

» « « 

15th Order. Titaniates. 

Ist Species. Titanias ferrostis — Menachanite^ 
Titanium-sand. Analysed by Klaproth, Beytr, 
ii. 231. 

Oxide of Titaniam 45*26 loo 

Protoxide of Iron 5i'oo iiS'S 

2d Species. Subtitanias trtferroms — ^Titanic- 
iron, compact magnetic iron-stone. Analysed 
by Klaproth, Beytr. ii. 234. 

* Analysis of Colombitt. 
f2 
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Oxide of THaniiim fS « . im. 

f>rotoxtde of Iron« T8 sm 



9d Species. Suliitanias seferrosui — Sandy 
miigiietic iron-stone. Analysed by Klaprotb^ 
Beytr, t. 210* 

Oxide of Titanium 14«o 100 

Protoxide of Xron ^'^ ^^o 

m 

4fth SIpecies. Titanias ferrico-manganioiS — 
Kigrin. Analysed by Klaproth, Beytr. ii. 238. 

Oxide of Titaniam M 

Oxide of Iron • 14 

Oxide of Manganese 8 

So long as the compoation of oKide of tit»» 
nium is not sufficiently ascertained, the value of 
these analyses cannot be determined. From 
the analysis by Klaproth of the protoxide of tita- 
mtim, ve see that the quantities of porotoxide of 
iron are increased nearly as 1, 3, 6* But whea 
we look into the analytical method, We find that 
the quantity of the protoxide i& determined in 
the manner already mentioned by me, and must 
therefore be reduced from ferroso-ferricum to 
ferrosumj because the striking magnetic charac- 
ters of the minerals distinctly show that the iron, 
must be found in it in its lowest degree of oxida« 
tion. On the other hand the contents of tita^ 
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nium are determined from the loss, so that in 
the same proportion that the contents of iron 
are too great, the contents of titanium have suf« 
fered. From a calculated correction, the first 
species contains 98 parts protoxide of iron for 
100 parts oxide of titanium; the second species 
286 of the former for 100 of the latter, which is 
nearly =3 l : 3« But the third species does not 
correspond with the correction. I have not had 
an opportunity of seeing the fifth volume of the 
Beytrage^ and therefore cannot say how far the 
analysis of the third species is so determine^ 
towards its result, that the same correction can 
be applied, there, that was applied to the other 
two. 

16th Order. Hydrates, 

1 St Species. Subhydras ferricus — Ochre, bog- 
pre. Consists of F£>» + l\ W 0. 

It appears seldom pure, but ia generally 
blended with carbonas ferroso-ferriciis^ together 
with subsilicias ferricus. 

Family of Aluminium. 

In proportion as we approach the end of the 
chain of siiigle bodies, the inflanunable minerals 

2 
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become more rare, and the oxidated more va- 
rious. Nature here exhibits the endless diversity 
of which she is capable, though she always fol- 
lows with the utmost strictness the laws of defi- 
nite proportions in composition. The greater 
the number of oxides which are combined, the 
greater is also the number of the proportions in 
which they admit of combination, and I shall 
place before the eyes of the reader a proof of 
the possibility of a great multitude of minute va- 
riations in composition in minerals of the same 
kind, with some probabilities that nature occa- 
sionally produces a great number of the combi- 
nations possible in our theoretical reasoning. 
Hence it happens that there may be such consi- 
derable differences in the numeral contents of 
kindred minerals, that they will evidently long 
baffle our most strenuous endeavours to bring the 
analysis of minerals to the degree of perfection 
which is so indispensably necessary for the scieU" 
tific improvement of mineralogy. 

The family which we have before xis possesses 
no order belonging to the inflammable combi- 
nations, nor, so &r as we at present know with 
certainty, any pure oxide that is alumina io a 
combined state. Most systems of mineralogy 
adopt a class of precious and completely har^ 
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stones which they consider as pure alumina. 
Thus, for example, Klaproth found sapphire to 
be pure alumina coloured by a little oxide of 
iron ; but Chenevix found by the application of 
a new analytical method, in the same sapphire, 
S-^ per cent, silica, and 7 per cent of it in rubies. 
It is not probable that these contents of silica are 
merely accidental. Perhaps these minerals must 
be considered as subsiliciates in the highest 
degree of saturation with alumina. 

» 

Another class of these hard minerals contains 
the alumina combined with bodies of a more 
complete electro-positive nature than alumina ; 
for example, with magnesia in the spinell, and 
with oxide of zinc in the authomolite. If it 
hereafter can be shown to be probable that the 
minute portions of silica found in these are de« 
rived from foreign mixtures, then these combina- 
tions would be true aluminiates^ in which the 
alumina supplies the place of the acid, and 
belong therefore no longer to the family of alu- 
mina, but to those of their basei5. The affinity 
between these minerals has the same ground as 
the affinity between sulphate of magnesia and 
sulphate of zinc, or between sulphate of barytea 
and sulphate of strontian. 
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According to Ekeberg, the authoiDidile c<«^ 

t4ins. 

Aliim.M.... 60*ot> coBtatn < =89^ i«> U 

Oxide of Zinc. 84*»S P^ygcn ( 4*8 «> W^ 

Oxide of Iron.. 9*sftar protoxide 8^ i 
Silica..., 4*75 2'9 i 

This mineral can be considered in varioi» 
urays* If we do not attend to the iron and the 
siUca, it would then be an alumias jdncicus^ in 
which the alumina contains six times the oxygen 
of the oxide of zinc, and which might be 
coloured by silicias ferrosus. 

On the other hand, it may again be composed 
of a double aluminate of zinc and iron, that is, 
irialuminiasferrosthzincicus, so that the alumina 
in all these single combinations contains three 
times as much oxygen as the body with which it 
is combined* In this case the composition is 

I^inetl from ,oker consists, according to my 
analysis of it, of 

Alumina T2w) contain < = SS'tf «*? or 5* 

liagnetia....^.. .14*03$ oxygen ( &'56 6$ l\ 

Silica Sms S*»4 a 

Oxide of Iron. . . 4'M as protoxide €l*u. i 



r •*' 



S9 



The alumina is here again evidaitly in the 
fame proportion to the magnesia as in the fore* 
going to the oxide of zinc, notwithstanding that 
the quantities of the oxide of iron and the silica 
are not in the same relative proportion as there. 
This circumstance furnishes another probability 
in &vottr of the idea that these minerals are 
true sealuminiates of oxide of zinc and magnesia, 
to the constitution of which, oxide of iron and 
silica perhaps belong only as mechanical mix- 
tures, constituting a part of the structure of the 
crystal. Future experiments must throw light 
on this. 

15/ Order. Sulphates. 

1st Species. Subsulphas alummicus^ — Native 
alumina from Halle, in Germany; from Sussex^ 
in England. In this fossil, the alumina cont^s 
the same oxygen with the acid, and the crystal 
water three times as much. 

2d l^eeies. ^tdphas alumtmco^kalicm — Na- 
tive alum. Consists of three particles sulphate of 
alumina for one particle sulphate of potash, and 
2i particles water. 

2d: Order. Fluates. 
Ist Species. Subfluas a&miRia/5-«*Babington^a 
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wavellite. Davy's analysis states its composition 
to be alumina, water, and fluoric acid spar. The 
proportion of the water to the alumina proves 
that what Davy took for pure alumina also con- 
tained fluoric acid. 

2d Species* Fltias aluminico-natriciLS — Chry- 
solite. Analysed by Klaproth and Vauquelin. 

Soda SB'S 

Alumina 24 *o 

V3IV * A * J X 



Fluoric Acid> .„, 
andVFaterJ *" * 





The difference in the results of the two ana- 
lyses is perhaps a proof that neither of them is 
perfectly correct. In the me^n time they ap- 
proach so near to each other, that we perceive 
both bases must contain the same oxygen. That 
the soda turns out less is owing to the extensive- 
ness of the operation which is necessary to bring 
it out, and which renders loss ine\itable. In 
the fluates the salt contains the same oxygen 
vith the base. Let'us now assume that the salt 
is composed of one particle neutral fluate of sodn, 
one particle fluate of alumina, and one particle 
water, its numerical composition will then be, 
according to calculation, 
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Soda 40.00 

AluDiina 2\'is 

Fluoric Acid 26*66 > _ ^^.^ 

Water UdJ-^^*' 

with which the analysis of Klaproth coincides, 
so far as to constitute a good approximation, espe-* 
cially, as was before stated by me, when we consi- 
der that the alumina in the analysis of most mine- 
rals containing fluoric acid turns out always too 
high from a small quantity of retained fluoric 
acid. 

3d Order, Fluo-siliciates, 

This order is compo9ed of the topaz family. 
It is known that fluoric acid possesses the pro- 
perty of uniting with boracic acid and silica, and 
forming peculiar acid gases which may be 
called acidum boradcojlvjoricumj acidum silicon 
Jlvjoricum^ and their combinations with bases, 
fluo-borates, fluo-siliciates* The fluo-borates 
have been described in a highly interesting 
manner by Thenard and Gay-Lussac. Fluo^ 
fliliciates however, though they are much inore 
remarkable, and though they haVe long been 
known, have never been the subject of a similar 
theoretical examination. Richter has long ago 
described many fluo-siliciates, (Neue Gegen- 
stande, St. iv. 53 — 76,) namely, those of potash, 
$oda, barytes, lime, and magnesia; and John 
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Davy has lately with great accuracy examined 
both acidum silica^uoricum and fluO'silicias am^ 
fnonicus. He found that 100 parts of fluoric 
add ccMubine with 159 parts of silica, and that 
these 259 parts can combine with 84*33 parts of 
ammonia, and from these data we can calculate 
the quantities of every other basis which is ca- 
pable of saturating this double acid. 

However I must remark that after it has 
formed a salt, this salt must be considered as 
double, consisting of fluate and siliciate. Hence 
it must happen that one particle of fluate may 
be combined with 2, 3, 4, &c. particles of the 
siliciate, in the same manner as one particle of 
the fluate may be combined with 1, 2, 3, &e« par- 
ticles of the bisiliciate, and also that a particle of 
the subfluate may be combined with one or more 
particles of the siliciate, with many other varia- 
MooB, The diversity which prevails in the ana- 
lytical results obtained in the topaz family,, in- 
duced me to calculate some of these possibilitiest 
and to arrange them in numbers for the purpose 
ef onnparison with the analyses. 

I have assumed as the ground of this cal- 
ciilatkniy. according to ^qperiment, in so fiur ai 
its precision a|^lies to the point, that the quan- 
tities of fluoric acid, silica, and alumina, which 
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^contain equal quantities of oxjgen^ are to oiie 
another s 100, 159, 168« In the following 
fcrmulas I have marked the fluoric add with the 
tngn FL 



FormukB A Fl* + A S*» A Fl + A S, A Ft -i- % A S» 

Alumina. . . 38*08 55* 4 53*9i 

Silica S7M 27* « S5o« 

Fluoric acid 88'7o 16*4 11*03 

Formula A Fl + SAB^ A Fi + 4AS, A FI+ b AS. 

Aluniioa. . . 53*07 52'5ft 52*9i 

iiilica 36*80 40 so 48*44 

Fluoric acid 8* is 7 -is 5*ss 

FormuUB A Fi + 6A8, 8 A Fl + AS. A* Fl -*- AS, 

Alumina. . . 52*1? 47* • 65*s6 

Silica 43*M> 23*2 21*stf 

Fluoric acid 4'ss 29* t 13'38 

Formula A*Fl + 9A8 A*Fl + SAS. A^Fl + 4AS. 

Alumina. .. 6O-9S 68*s» 57*0d 

Silica 30*00 34'i7 dl*io 

Fluoric acid 9*0? 7*i8 5*8i 

Formula A Fl + AS*, A*Fl+2AS*, A>Fl -k-ZASF. 

AluminQ. . . 44'&« 47* 10 55*90 

Silica 42*90 45* 6 40*46 

Fluoric acid 13*34 7* 4 4*ss 



The reality of the two last formulae may per- 
haps at first sight be doubted. But I am in- 
duced to consider it highly probable that one par- 
ticle of fluoric acid, by means of its veiy strong affi- 
nity, may retain two particlesof alumina with equal 
if not stronger power than that with which -two 
particles of silica retain one particle of alumnuu 

We easily perceive that the differences between 
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the numeral contents in these calculated com- 
positions are so minute, that the manner in 
which these minerals have hitherto been analysed 
can determine nothing relative to their intimate 
composition, or the formula to which they 
beliHig. 

The topaz &mily includes pycnite, stangen- 
stein, schorlous beryl, pyrophysalite, precious 
and common topaz. The following is the analy- 
cal result : 
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Schorlout beiyl. 



Pyrophysalite. 



BiKliolx. Vaaquclia. Kiaproth* 



Alumiaa 48 52*0 49* s 

Silica S4 36*8 43* o 

Flaoric acid.. 17 5*8 4* o 



tliainger. 



53*9s 

32*88 

10*00 



SuutB. Sibemn. Yellow BfMiIiaa. WhiU Topax. 





Kiaproth. 


Vaaqocltn. 


Kiaproth. 


Vattqaelin. 


Alumioa ...*..« 


59 


49 
29 
20 


48 
30 
18 


47* s 

44' 5 

7- 


47 
28 
17 


50 


Silica 

I'laoric acid ... 


35 

5 


29 
19 



Very few of these results- coincide with any of 
the calculated formulae ; but let any one com- 
pare merely the analyses of Kiaproth and Vau- 
quelin of Saxon and yellow Brazilian topaz, 
'and he will immediately perceive that some hid- 
den error must lurk at the bottom of these dif- 
ferences. For example, Kiaproth found that 
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the Saxon topaz contained only five per cent* 
fluoric acid, but that by a strong red heat, espe- 
cially when assisted by the bellows, it lost as much 
as 22 per cent, which is nearly twice as much as 
ought to be the case if this five per cent, acid had 
made its escape saturated with silica. In the 
analysis of finbo-topaz, known by the name of 
pyrophysalite, which was made by myself and 
M. Hisinger, (Af hi. i Fys. Kem. och Min. i. 
114,) we remarked that when the alumina, 
which after solution in caustic potash was pre- 
cipitated by sal ammoniac, was gently heated to 
redness, it went through no unusual change; 
but that when it was exposed to a white heat in 
the crucible, and the lid was suddenly taken ofl^ 
the ma^ emitted smoke, and the lid was always 
attached to the crucible by a sublimate which 
wp found to be a salt of alumina soluble in 
water, and probably neutral fluate of alumina; 
119 parts of burned alumina, whiqh had been 
heated to redness, lost by this treatment nine parts 
in a white heat. This seems to prove therefore 
that so long as the fluoric acid is not separated 
we always obtain a part of it, notwithstanding 
the surplus of the alkaline precipitant in the 
0iidst of the alumina, and that when it is gently 
Jieated to redness the proportion of alumina 
turns out too high, and when it is exposed to 



e 



96 



a stronger heat it turns outtoo low, and in all cases 
inevitably inaccurate. It is therefore probable^ 
that when these analyses come to be repeated 
with proper attention to the above circumstances^ 
their variations will be reduced to a very few 
forms altogether single. Perhaps the precious 
transparent topaz is always A Fl -^ A S and the 
common, for example, the finbo-topaz, A Fl -^ 
2 AS. 

4}tk Order. Siliciates* 

1st Subdivision. Single Siliciates. 

1st Genus. Silicias Aluminkus. 

1st Species. Bisilicias Aluminicus. — A fossil 
from Lallarfvet at Fahlun. Analysed by Walm- 
stedt, Tentamen Chemicum, sistens Analysin 
Fossilis recens reperti, Ups. 16 Oct. 1813. 

Silica 59'50> contain <~29-7 t 50*74 

Alumina 32*oo^ oxygen J 11*» i 31*7« 

Oxide of Iron 4*«s 

Oxide of Manganese 0*25 
Oxide of Tin S*as 

It cannot be questioned that none of the 
oxides found in it belong to the chemical compo^ 
sitipn of the mineral ; therefore we may cont^ 
der it as =s ^ 4? «• 
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Somioite. See the eican^le already adduced, of 

•angle siliciatee.. It is 9 j| ^;: 

■> 

Sd Spedei. Subsilicias /ndWuttnica^.-— Col- 
lyrite. Analjned by Klaproth, Beytt. u 2S8« , 



Alumina. ^ 45 

SUica 

Water* 



45) ^^^♦•Jn (=21*00 s 45'w 

48$ «'y«^" I 



Tlie minerdi is theselbre if ^ £ -f ^g% 



2d Subdivision. — Double Siliciates* 
ist Genus. Stlicias aluminico-leryllicus. 

1st Impedes* BisiUdas alumimcus with Q^ 
drisilicias beryllicus — Beryl, Emerald. Analjwcd 
by KUproth, Beytr. iii. 226. 

BcryU EaMffiM. 

Silica 66*45 68* 5 ) « f 91'7P to S4*i5 s tS^ao 

Alvmina 16*75 15'75>|6<-£T *8S T*96 ft IS'is 

Glucina «....,. 1 5'&o 12*ft0^ S8 ^ 4. g 3*87 1 1S*«8 

Oxide of Iroa. 0*«o i*oo 

JLiime (hsA 

Oxide of> ^ 

Chromium^ •' "** 

The silica seems here to be equally divided 

• As the mineral is in powder, \i contains, like all clay, a 

, {quantity of moisture which is not chemically combined, but 

Wbich^ts, at the sane timci not at first separated in thf analysis. 

G 
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fbetw^n both the bases, and the decided inclina-v 
tioQof the^uciitotofi»in supersalts prevails also 
in this instance^ ail it "takes, in relation to the 
oxygen which it contains, twice as much silica as 
alumina. In Ihcv analysis of the beryl the pro- 
poition of thiB contents: of silica to the bases 
comes nearer than in the emerald, while on the 
odiier hand;the Relative quantities of the bases ii\ 
the latter are more correct than in the former, 
whic]i gives too^m^ck glu^ina. . Th^ nii|ieral is 
therefore GS^ +2AS^. 

.• .. . • ^ 

24 Species. Silioias aluminicm with Bisilir 
das leryllicus — Euclase. Analysis by Vauque- 
Hn,: Hanjr's Traite de Mineralogie, ii. 532. 
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Silica Sf) r=17'«8 4 58oa 

Alumina 1*9^ contain T 8*87 « 20rio 

Glucina....y 15r oxygen ^ 4*(W i 15'i« 

Water... 27j ( 2^'** * 26" 

Oxide of Iron S 

' • 1 

We see from this analysis that the bases in 
this mineral are in the same proportion to each 
other as in the preceding, and that the glucina 
takes also here double of the silica in relation 
to the same quantity of oxygen, that the alu- 
mina does. The proportion of oxygen in 
glucina will be found by the reader determi^^ 






itk Appendix Vl This ! mineral is therefpre 



2d Genus. Silicias aluminic6<alcicus. 

'. . . . *-■ ' •♦•■•■ 

..1st Spepies* - Trisilidas. aluminicO'ailcicuS'^ 
Mealy Zeolite. Analysed by Hisinger, Afh. i 
J"^.:KisnB/ocJil<Ktt.iii.,3lA^. .. 



• r -■ *-' ..,,'- 



"• Silica.; ..,.66' 0^ ^ f = 29'78 it 69'47 

^"^ r-- 8' «y oxygen^ J^'s* 1 8*t» 

jWatcr....,^.,,.,..^, .,^11» e^ .^ . ( 10*14 4 \X*i» 

'Oxiae«|fIfaa'...V.... 1- # 

This mineral is CS» '+ 3 Jt S^ + ^Aq. 
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' ' 'fid species. Bmlidas aluminico-<alcicus-^ 
Lamnonite. Analysed by Vogel, Journal de 
Physique, 1810, 64. 

Silica 49*o) f= 24*48 10 48*flo 

Alumina. 22* of contain \ 10-97 4 20*i» 

^^' • 9- or oxygen 5 g-w , s-u 

This mineral is CS* + 4iAS* + sAf. 

Sd Species. Silicias aluminico^alcicuS'^Ca^ 
lumnw Scapohte. Analysed by Laugier, Jour- 
Ml de Phjsique, Ixviii. 36. 
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9Uica 45-0) ^^.^., Ci=«l^ « 4f.« 

Ahin^m .'S9-t)p ^t?**' < «Mi • M.09 

Lime... no •>««* ^ 4n» i Hn 



•odft, Pota8h..> g 
Pzideof Iron....) 



This minecal is therefore = 05+ 3^5, im- 
ire from small quantities of ^alkaBne sQidates. 



4tfa Species. SUidas Mtmimms with Tn^ 
licifits caldcus — Needle zeolite. Analysed bj 
Vttuqueiiii, Jou^rnal de Min. No. 44, 596. 

Silica r....60*«4) fisW^ • 47ti 

Alamina 29-sor copiain 3 Wt* » 31 ** 

Lime Q'^f" oxyiJrti "^ " ^^ » 10»» 

Water lO'.coJ ( S-m s. lOw 

This mineral is therefore C S^ + S A S -k- 
% Jq^ lliaii^ger found in m sh^pdefs Molite 
£ppm T«fid3U iB,'JSBdeiiDuiiilMd» ^o^ 5a *£» aIhi- 
mina 30, lime 8, and water & Jx «eeBis to b^ 
the same mineral with only two particles water. 

£tli Species. iSSiKcMU mhminiats^ with JBfM^ 
cias-adcicus — Shapeless Zeolite from Borkhult 
Analysed 3Dy.Hiaiiig«r, Afii. i. K^n. Fj%. 4>ch 
liAin. iii. S09. 



Billca 46-4d) ^„„,^. <=jM-07 * 46- 

.Lime 1714) '^'y**" (( 4-80* U' 

. Oxide of Iron . . . 0'70 
li«stby a red beat 3*90 

This mino-al i$ C S* + S A S. 
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^d Geilils. SiKcias aluminico'lartticus. 



** Ist Species. Bisilicias aluminicO'f/arUu 
CiN>8»'8tane Hanncifoae itant Obmrtflim 
Analysed by Tassaart 

Silica 47*»1 TsSa^ro I4 46^94 

Alamina 19* »f contain j 9* 17 8I*iy 

Barytct 16* or oMygeB > l'» 1 16*79 

Water IS- bj ( l|-»i 7 Who 

2d l^iecies, Bisilicias aluminicus with fuo* 
drisilicias hanticus — Cross-stone from Andreas* 
bevg. Analysed by Klaproth, Beytr* ii. 83* 



Silica 49^ f = 24*90 » 47'.i* 

Alumina M V coiktain J 7*aa « 16*<t 

) l'8o 1 18 as 

(. 13*99 7 Id'ss 



Barytes 18 f oxygen 

Water. 16J 



ThismineralisBS*+4^S*+ 7-4y- This ana- 
lysis requires an accurate revision, notwithstand- ' 
ing its compMe coincidence with the fiumula^ 
because the di£ferenees are altogether so minute 
that they magr possiUy have been errosrs of es> 
perimenty and these two^ species ha;re therefiMie 
perhaps the saae chgroical CMibinatiov. 

4<h Oenui. SUiem idumii/wxhnatricus^ 
'lst%>edes. SiKAts abminicusmth Trisilicias 
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I 

nairictiSr-^Mesotype. Analysed by Klaprolliy 
Beytr. v. 49. 

O "silica ..48-00') r = 28'»4 < 49*«« 

, AlvniBa'** v.24'ft6r contain V ll'Sft ^ • S6ros> 

' Sada l6'M}r 0zygen j 4*9i i 15*77 

Water 9"Oo) ( '>«9* s }H» 

Oxide of Iron.. .1^7* 

This mineral i^^NS^ + SAS + ^ Aq. 

J ^  . . .... 

2d Spedies. ^ Silicias ahirMmo^-matficus — 
Electric SchorL Analysed by Klaproth, Beytr. 
T. 9i). 

* 

Silica..... ..4S-io') ^^-i-i, f =21-58 lo 44'07 

Alnmina 4« m > ^!^ * „ < Wts • 4a-i9^ . 

Soda 9-00 J **^«*^" t 2-30 i 8» 

ITiis mineral is JVS + 9 ^ S. 



5th Genus. Silicias aluminico^kalicus. 



« 



1st Species, Trisilicias aluminico^kalicus-^ 
Common Felspar. The most prbbable compo- 
sition of common felspar, so far as we can calcu-^ 
late it from the many analyses of it whidh we 
possess, is, that the alumina bears the same pro- 
portion to the potash as in alum, and that the 
gilica contains three times the oxygen of the 
base. The following is di^i^ore a ooni|>arison 
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between the calculated and escperimental results 

of the eompodtion of Felspar. Analysis by 

• • • 

.yttuQMlia. - ' Klmfffotli. ' Rom. jLtSliitt * 

SHica..(.....64« a$'8S+ 68-o J 66-7* V ^"^ ** 

Aliimte 20 17-w 15-0 il'bo 17-61 3 

Potash 14 18-00 14*» 12'od Ifris i 

Lime 2 S'oo I'U 

Protoxide of > j,^ 0^71 

iroo > 

i am therefore disposed to believe that wt 
may with some degree of certainty consider' 
cpmmon felspar aa K S^ 4- S A S\ 

^d Species* Trisilicias kalico-aluimimcus-^ 
Lepedolite from Uton. Analysed by Hisinger, 
Afh. i Fys. Kern, och Mineral, iii. 398. 



^ 



Silica. 61*00^ Czz90'ei> «i 63*99 

Almnina 20*air contain j 9'n 6 IQ-so 

Potafili QMor oxygen ) 1*M i Sm» 

Water I'm) ( 1*69 i l.«» 

Oxide of Manganese O'so 
Ltme 1*00 



• Adnlaria, Hauy'i Traits de Mineral, ii. 602, JC 8* 44 

f Emerald^reen Siberian felspar, Ball, de la Soc. PhiU 
An. 7, No. 24. p. 185. 

:^ From Drachenfeliy Beytr. ▼. 18, JrS4 3 + ^ 5* ? 
^ Flesb-coloored felspar firom Lemnitx. 
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Tbe oxygm of the silica is not fi^y f I timt^ 
that of the potaflh, but the errot in the proper* 
tion of potash must be very trifling, because in 
the calculation it is multiplied 21 times^ so that 
we may pretty confidently state this mineral: 
RS' + 6AS^ -{: Aq. 

- 5th Species. Bisilicias, alumimcch-hdicus^ — 
Leucite. If this mineral is K S^ + S A S^ iU 
compositi(m will then be (Klaproth's analysis, 
Beytr. ii« 54.) 

silica W-sb") ^^„4^.^ r=:SB-ft6 « 65-4$ 

Alamloa .24«t > ^°™ J ll-sa s M'lo 



{ 



Potash 29-09 J *»*y«^° |^ s-4i i 20 «$ 

which eortie as near td one another as possible, 
particularly wh^n We observe that m. almost all 
single siliciates the proportion of silica, comes 
out too low, which either happens frotfi a small 
loss through the solubility of the ewrth in the 
analysis, or froin taking the proportion of 
oxygen too low in the calculation of the compo«< 
idtion of the silica. 



9d Subdivision. Triple and Complex Siliciates*. 

1st Genus. Silidas atuminicus with Silicias 
kalicus and Silicias ferricus* Prehnite fiunily. 
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Ift Species, Foliated Prehniie from tbe Cape. 
Analysed by Klaproth^ Beol u. Entd. der Natucf 
fr. z« Berlin^ 



Silica 40«9S^ 

Alnmina 30*39- 

Lime 18'?s 

Oxide of Iron.. 5*m 
Water l-ss 



ZZ 19*65 IS 41 'M 

-* '^ f 14* 15 9 S0*8l 

contaii^ I g.,^ , j^.^, 

oxygen ^ j.^ J 5.^j 

1 *63 I 1 *85 



This mineral isFS-tSCS^BAS-hAq. 

dd Species. Radiated Prehnite, Analysed bjr 
Laug^er^ Ann. du Mus. d'Hist. Nat. iii. 205. 



Silica ....42-3 1 

Alumina S8*» 

Lime 80m 

Oxide of Iron.. 3*0 
Water 2*o 



. contain J 
oxyg«n ] 

I 



= 21.0 


99 


41*» 


13-s 


15 


29'o 


5« 





90-0 


0-9 


1 


So 


Is 


9 


2-t 



Alkali 0*75 

This mineral is F S + eC S + 15 AS + ^ Aq^ 

f 

8d Species. Koupholite* Analysed by Vauque- 
Hn, Haiiy's Traits de Min. iv. 373. 

Silica .'.48) f =: 2S*M to 49*» 

Alumina...... 24r contain \ 11*99 S3*9S 

Lime SSr oxygen ^ 5'44 5 21*90 

Oxide of Iron 4/ ( I'so 1 3*94 

This mineral is jF iS + 5 C S* + B A S. 

Sd Genus. Silicias aluminicm witb Silicias^ 
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ferricus arid SUicids kalicus (sometimes also Sili* 
das magnesicus). Mica family. 

1st Species. Window Mica. Analysed by 
Klaproth, Beytr. v- 69. 

Silica 48'W>) f=2S*<» i« 46-oo 

Alumina S4'«ir contain 1 lO'W i« S6^»d 

Potash S'lbC oxygiifD j !•« i 8*37 

Oxide of Iron. «..«. 4-ao) ( l-s? 1 4'« 

This mineral is K S^ + F S -\- 12 A S. 

2d Species. Silver Mica from Zinnwalde. 
Analysed by Klaproth, ibid. 

Silica 47'»") r=:22'4« 9 45'Wp' 

Aiuinina...^ 20* or contain j 9'w 4 21'Ji 

Potash » 14' *r oxygen ^ 2*46 * U'OO 

Oxideof Iron.....-16' 5) ( 4*65 * 16*io 

This mineral is iS: 5 3 +2 2^5 + 4^5. 

.Sd Species. £Zac£ Siberian Mica. Analysed 
by IClaproth,' Beytr. v. 78. 

Silica 42-00^ f=:20'i6 i9 4l«a> 

Alttmiua ll*5o ^ « • I 5'S7 s 11*06 

Lime 10*00 

Oxide of Iron 22 

Magnesia .••• 9 



contain 



•00 > < 1*70 1 10 18 

00 f ^'^y^*" 1 6-60 4 22-4t 

•00 J L 3'42 8 9*07 



Thismiheral is liTS » + 2 MS + SAS+4iFS. 



Future experiments must determine how far. 



from ^the inagnesia which it conlaiBs, it woof 
constitute a peculiar genus or not. 

It is not my intention to affirm that these 
aaalyses of triple and complex siliciates, with tibe 
formulffi derived from them, may in all resfi&cj^^ 
be depended on ; but I give them merely aa. 
an example of the manner in which the mi{i0rals 
may probably be composed. The mineralogical 
analysis is evidently not yet sufficent tor (he^re-. 
cise detei'mination of these complex bodies, 
when the proportions in which they may be coni- 
bined are so numerous, and when we are unao-. 
qilainted, with the proportions in which diey 
principally endeavour to combine themselves. 
We see, for example, that alumina comhini^ 
with potash for the most part m such a propor- 
tion, that one part of the latter takes diree of 
ihe former, and that the potash occasionally 
takes six aad sometimes nine particles of alu- 
mina; and when we investigate these examples 
we find that the aliunina is most frequently an 
ingredient in the minerals at the rate of one^ 
three, six, nine, twelve, and fifteen pailicles^ 
which are multiples of three by two, three, four, 
and five. Hence we have reason to conjecture 
that the alumina does not appear in any num-^ 
l?er, especially above six, which lies between 
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these figul*es : this conjecture is no doubt 
merely a probability, but as the means of stimu-' 
lating to investigation it is not without its worth. 

I venture to indulge the hope that the publi- 
cation of this Essay may possibly lead to a re^ 
vision of the prevailing system of mineralc^^ 
ccmvinced as I am that this will give fresh life 
and new prc^rties to the mineral analysis, and 
be the means of introducing the more general 
adoption of a greater degree of precision than 
has hitherto taken place, as the scientific advan- 
tages resulting from the utmost degree of ac- 
curacy have never yet sufficiently counter-^ 
balanced the difficulties which it occasioned to* 
the mineralogical analyst - 



APPENDIX r. 



enouNDs OF the calculations. 



1 .1 .v., 



"•*- 



JLi^fi eaknlattaoi^ whifk I have cited m the finwi; 
going examples are founded on the determination 
^ idbe^pa^ity of inflammable boclies for oxy- 
getn'i i^ch I some time ago publiriied in i^ 
.^efiarate Treati^f^ printed in Dr. Tbcoison^ 
Annals of Philosophy, 12th| IStbyand&lkywifig 
nwnbers. 

Ttdfi T^Eieatise f annot yet be in the hande^ pf 
Any Swedish reader, said I shall therefore saay- 
aiarfly exjbract from it what has any relation to 
Ihe above Mineralogical Essay, and wiiicfa may 
lie necessary to establish or refiite ibe calcula- 
tions <9f mineral anafyses. 

The cause of chemical proportions must con- 
sist in some seemin^y mech^cal drcumstiince 
relative to die ekpuentary bodice in their sditary 
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ctatCy respecting which we must long, in aU 
probability, content ourselves with mere con** 
jectiircs. 

When we represent to ourselves the elements 
in their original isolated st^e, we may consider 
them either; 

1st, As solid todies composed of infinitely 
small particles in a state of concretion, which lie 
nesii^ oae; another and bcupy a limited space. 

- 2dly^- As gases, consisting of parts which Of 
to the greatest possible distance from each other, 
and spread themselves out, as it were, equally at 
their whole distance*' 

In the first case we may lay down as incon- 
trorertible, that when ;several elemenfsare com* 
biiied into one compound body, this must hap- 
pen in such a way that a toiall part at particle 
of the cike is combined with one, two, thre^ or 
more whole particles- of the other, whence we 
are thus enabled to see a mechanical cause for 
the multiple proportions. 

In the latter case alalia, as the bodies are con>» 
jpdered as gases, we are taught by experience^ 






Ill 



that these are either combined in ecjual volume^, 
or a volume of the one gas takes two, three,* or 
more volumes of the other. Hence it follows 
that what in the one of these cases is called a 
particle is called in the other a volume, and ths^ 
•both, so far as respects the doctrine of the che- 
mical proportions, are one and the same, so d^at 
in this point of view it is altogether indifferent 
which of them we follow. 

In the foregoing instances I have designedly 
iadhered to the former assumption, notwithstand' 
ing it gives rise to difficulties which cannot im- 
inediately be solved or removed, because it coin- 
cides best with our ordinary manner of seeing 
Mild conceiving bodies and their composition. 

The cwptiscular ikeory, the appellation I shall 
give to this mode of representation, admits no 
penetration of bodies in chemical combination^ 
and it allows us to conjecture that their propert;^ 
of attracting each other, and of being chemically 
combined under a more or less perceptible, igni* 
tion, is derived from an electrical polarity in the 
smallest parts, which in different bodies is of dif- 
ferent strength, and by which the electrical 
f harge of the one pole has a stronger intensity 



than that of the othep. Hence we perceive («) 
a probable cause for the excitation of electricity 
through the contact of dissimilar bodies, (0) 
which leads us to infer that a body is electro- 
poaitive, or electro-negative dbcording as the one 
.or the other pole prevails, and that in like man?- 
Her it follows (7) th^t in case this speculation is 
well founded, chemical affinity and polarity of 
particles are altogether one^ and the same. I 
have endeavoured to give a greater extension to 
these ideas in Nicholson's Journal of Philosophy, 
Chemistry, 3|x;. vol. xxxiv» page 153. 

« 

The difficulties to which the corpuscular thec»y 
jb subject arise principally irom the circum- 
stance, that there are bodies in which all the 
circumstances at present seem to demonstrate 
lixe existence of a half particle, of which however 
we cannot admit the supposition. The aame 
difficulty applies to the construction ih partidea 
of composite bodies, especially where the num^ 
her of elementaiy particles is great. This diffi* 
culty is less perceptible in unorganic nature, be* 
cause every composite body is there constituted 
in such a manner, that one of its ingredients 
enters only as. an ingredient in one particle, an4 
^rms the unity or fundamental particle whi«h i^ 
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the cftse of great parts is effected by the most 
dectro-positive ingredients, round which we can 
represent die others analysed in an order that 
altogether depends on the electrical poles of the 
fundamental particles. But in organic nature the 
proportion is altogether difierent; particles of 
three, lour, and more elements, of which fre- 
quently none is unity, or the fundamental parti- 
cle, are there joined in a compound particle, of 
which the structure is not so easily conceived in a 
probable and satisfactory way. Thus, for example, 
tartaric acid consists of four particles carbon, 
five pbrticles hydrogen, and five particles oxygen; 
mucous acidj of six particles carbon, ten par- 
ticles hydrogen, and eight particles oxygen, &c* 
However I must observe that difficulties are not 
refutations, and what cannot be perceived by 
one person, or at one period, may easily in 
future investigation be discovered by another 
person in an after period. 

I call the representation of bodies in a gaseous 
form the theory of volumes* It does not admit 
of all these speculations, and, if I may be allow- 
ed to say so, cuts off all farther investigation of 
that nature, and confines itself within the pheiu)- 
mena which may be proved by experience* I 

H 
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eonnder it as ft leadiiig-fltring to keep us in the 
^ way of trfadi white we are endeavouring in our 

ittvest^iations to penetrate deeper into the se- 
1 crelf of the corpuscular theoiy. 

As it has thus been esfaUidied that the un- 
organic bodies consist of one particle or volume 
of an el^nentaiy body^ combined with <me or 
m<»re particles or volumes of another elemen- 
tary body, it became naturally of the greatest 
interest for chemistry to know how many par- 
ticles of each element enter into composite 
bodies. The solution of this question is dif- 
ficult, and cannot at present be rdied on for all 
composite bodies. In combinations formed agree- 
^ ably to the [Mrinciple of the composition of unor« 

ganic nature^ we must for tins purpose merely in- 
vestigate the number of volumes of the oxygen 
in tihe oxides, and when this has been found, we 
may easily calculate die number of particles 
fit>m the usual result of the analyses. In bodies 
however which are formed agreeably to the prin- 
^ple of tiie composition of organic nature^ this 
becomes infinkely more difficult, and requires 
expedients and calculations for which, in a work 
on die laws for the chanical proportions in or- 
. ganic nature^ I have endeavoured to prepare the 
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way, although that work does not apply to the 
class of minerals which seem to be the remainn 
of former organised bodies. 

To determine the wright of every particle of a 
body, or, what is the same^ of it^ proper weight 
in the gaseous form, we compare it with tibat of 
the oxygen which, according to what I have long 
before said, is the universal measure in the doe* 
tiine of chemical proportions. In the treatise 
from which this is an extract, I have stated all 
the experiments on which the weights given are 
grounded, and I have also endeavoured to de« 
termine the boundaries within which the result 
of the analyses may be probably incorrect, from, 
whence the minima and maxima are deduced in 
the following table. That such are not found 
for the most bodies is not because their weight 
is so absolutely sure, but because I required 
more experimentigrespecting them, from which 
alone I could give a result* 

. I have also stated the grounds'on which I 
have ventured to deduce the number of parti- 
cles of the oxygen in most oxides, but it would 
lead me too fiur to give an extract fit)m it in this 
place. 
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111 the fotlowiiig table, the first column ex* 
presses the name of the body; the second the 
chemical sign, the ^third the weight of every 
particle, or the. proper weight of the body 
in the gaseous fi>rm compared with that of the 
oxygen as mij^J^. The fourth and fifth show 
the minima and maxima when the experiment 
was performed which gave occasion to them. 
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TABLE I. 



Name. 



Oxygeniam 

SDlphDiicam 

Phosphoricum 

Moriaticum , 

FInoricQm ., . . 

Boracicum , 

Carbonicimi, , 

Nitricum ', , 

Hydrogenium , 

Arsenicum ,,., , 

Molybdaeoum 

Chromiuin , 

Wolframinm {Tunggten) 

Tellarium. . , 

Stibiam 

Tantalum 

Titanium 

Silicium.. 

Zirconium 

Osmium.. 

Iridium 

Rhodium 

Platinum. •••. 

Aurum.... 

Palladium 

Hydrargyrum 

Argentum. 

Cuprum • • 

Niccolum 

Cobaltum 

Bismuthnm.... 

Plumbum 

fitannum • 



Sign. 



*..• .... • 



O. 

8. 

P. 

Jf. 

F. 

B. 

C. 

N, 

H. 

At, 

Mt. 

Ch, 

W, 

Te. 

Sb. 

Ta. 

Ti. 

Si. 

Zi. 

Qs. 

I. 

JR. 

Pi. 

Jiu. 

P. 

Hd. 

Oil. 
Ni. 
Co. 
Bu 
Pb. 
Sn. 



Weight. 



100- 
«01' 
167-618 
139*56 
60* - 
73-27 
74-91 
79-54 
.6-636 
839*0 
601-56 
708-05 
8424-24 
806-48 
1613- 

1801? 
304-35 • 



1490-3 
1206-7 
2483-8 
1418- 
2531-6 
2688-17 
806-45 
733-8 
732-61 
1774- 
2597-4 
1470-59 



MiBimura. 



200- 
" 167-3 

30- 

73-6 

75-5 



Maximom. 



202-9 



210- 
152-7 

75-5 

7-63 
852-2 

819* 



2503-1 
800- 



2500. 
2536-1 



2620^ 



« In the Table formerly published by me, I calculated the 
contents of the oxygen of the silica at 48 per cent., agreeably 
to my direct experiment on siliciated iron. I have here caU 
culated it according to the data formerly laid dawn by me, on 
the supposition that it contains three volumes of oxygen, 
which seems to follow from the composition of most siUciates. 
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TABLE 1. — cont'mued. 



Name. 


Sign. 

Fe, 

Zn. 

Mn, 

U. 

Ce, 

F. 

Be. 

AL 

Ms, 

Ca. 

8r. 

Ba. 

Na. 

X. 


Weight 


Minimam. 


Maximum* 




693-64 

806-45 

711*6T 
3141-4  

1148-8 
881*66 
683*3 t 
343* 
316*46 
510*« 
1418-14 
1709-1 
M9-32 
978*0 


663-3 

30*163 

. "~" 

- 




Zincom ,,.. 




Mangantmn 




Uranium 




Oerluin ' 




VUrinm ,».. 

Beryllium (Glacinara) . . 
Aluminium 


228* 


MMTiM^inm 


381-93 


Calcium ••••.••. 




Strontium 




Parytlum •••••..• 




Sodium , 


' 


^otasfium..,.., 


m 



* Uranium, since the formation of my first Table, has been 
investigated by M. Scbouberg. (See his Diss, de Conjunctione 
Cbemica ejnsque Rationibus, Ups. Oct. 16, 1813, p. 18 — 24.) 
As I ba<| opportunities of witnessing the accoracy with which 
M. Sehouberg canned on-his experiments, I consider them at 
entitled to l^ somewhat depended oo; He found that 100 
parts moriate of uninium oonsbt of 

Acid 16-77 180*0 

Protoxide. 93'03 489*3 

Hence it follows that tbif prptoxide consists of 

Uraniam 94 100*000 

Oiygen...... 6 6*373 

Re farther found that 100 parts yellow oxide lost, when 
heated to redness, from 2*7 to 2*9 per cent of weight, and rcr 
mained protoxide \ whence it follows that the metal takes 
precisely poe and a ludf times the iqnantity of the oxygen 
which is in the protoxide, and consists of 

Umnium 91*2 lOa.00 

Oxygen 8*73 9*66 

And must contain three voluai^ of oxygen. / 

f The contents of oxygen in glnclmi are determined in 
Appendix V. 
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TABLE II. 

Sbowing the Number -of Particles of the Oxygen in 
the Oxides hitherto known, taking the Radicab 
as a Particle. 



Acidmn Sulphnricimi S 

 "    ' Sulphnrosnm 2 

 " ^^ ' PbDipboricnii • • • .9 

- ' ■■• Muilaticmii 2 

Soperoxide MtirialOfiini....S 
* » '■ '  Morioticuin j 

(DaTy's Eacblorine) ) 
Aeidam OzymariBtictmi .. .8 

 NitriCHm 6 

— »*— Nitrosmn 4 

Oxidimi Kitriemn , 3 

— — NUrokiim 8 

Suboxidom Nitricwo 1 

Addnm Flaoriciui 2 

 Boradcmn 2 

   Carboniciim 2 

SalioKidiim Carbonioua ...1 

Aqoa I 

Acidum Anenicmn 6 

  AnenicMQBi 4 

OxfSam Anenicim... B 

Atidm If olybdteui ^ 



AcidiHD Molybdofimi 2 

Oxidnm Molybdicmi 1 

Acidmn Chromicmn 6 

Oxidam Chromicmn 4 

— — »— Chromomm 3 

Acidum llVolframioim 6 

Oxidiira Wolfhimlcnm 4 

Acfditm Stibicmn • . . .6 

' Stibioram 4 

Oxidnm Stibkvm 3 ^ 

  TdlnrinuD 2 

Sllida ^ 8 

Oxidnm Rbodicnm S 

Rhodcnm 2 

 Rhodosnm 1 

'   Platinicnm •..••. .2 
■I PlatlBotnai ••••••.! 

'■« '  Anricnm ••••••••«S 

 Anreii|B 2 

•— — Anrotnm. 1 

  ■« Piaiadicnm .2 

I Af9ettticani«««*««2 



i 
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TABLE 11.— continued. 



Ozidnm Hydimrgyricam .• .8 
— — HydrergyroBun...! 

 Copricam S 

 Cnprosmn 1 

Soperozidum Niccoltcun. .9 

OxidiHBt NiccolicniD 8 

S«p«rozidiim Cobalticun. .3 
Qj^dnm Gobal^icain.. . . - v^ 

 Bigmutliicam 2 

SuperoziduD Plumbicom . .4 

 Fl omti^oBum , . 3 

Ozidam Plumhicom ...... .2 

 Stannicam ...4 

-»— — ~ Stanoeiim.. 3 

— — Staonosum 2 

' Ferricum 3 

  Ferrosum 2 

 ZiDcicom 2 

iopero]^idom MangiMiiciiin 4 



Ozidnm Manganicnn S 

— — — - MangaDosmn .... 2 
Sabozidmi MangaDicum .. .1 
p^idam Uranicum ,.••..• .3 

' Uraoosum 2 

Ozidum Cericam • . .3 

 Gerrobmn... 2 

yttria, 2 

Beryllia (Glpcina) , .3 

Alumina 3 

Magnesii^ ,. .2 

Calcaria. • 2 

Strontia 2 

Baryta 2 

Soperolidum Natricnm. . . .3 

Natrnm 2 

Snperozidum Kalicnm ....6 



® 



With the assistance of this and the former 
Tables the numerical cqpposition of every one 
of these oxides may be calculated. Suppose we 
Want to calculate the composition of oxide of 
gold, (oxi^um auricumO in the first Table we 
find that a particle of gold weighs 24f8S*8, and a 
particle of oxygen 100 ; and from the second 
Table, that the oxide of gold consists of 2-Jt83*8 
gold 4- 300 parts oxygen j| consequently a par- 
ticle of the o3^de of gold must weigh 2788*8. 
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But as 278S'8 : SOO = 100 : 10'78, consequently 
the oxide of gold contains 10*78 per cent, of 
oxygen. Or, if we say 2483'8:S00 = 100: 
12*077, we find that 100 parts gold take 12*077 
parts oxygen. 

In this manner the reader will find in these 
Tables data for calculating all the mineral 
bodies hitherto known, except combinations of 
tantalum, zircon, osmium, iridium, and I may 
add titanium, the volume of which I endeap- 
voured to calculate according to an experiment, 
of a very unsatis&ctory nature certainly, by 
Richter with muriate of titanium. (See his Neue 
Oegenstande, x. 121, et seq,) 
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APPENDIX III. 



OF THE CHEMICAL SIGNS. 

In the foregoing Treatise I hare used two 
kinds of signs which I called chemical and mi- 
neralogical : the latter I have already sufficiency 
described. I shall now say a few words req)ect'- 
ing the former. 

In order to express without a multitude of 
words the composition of a body with respect to 
the chemical proportions, I avail myself of fop- 
mulae in which each body is denoted by the letter 
which is placed opposite it in Table I. 

' The rule for the formation of this sign is as 
ibllows: select the initial letter of the Latin 
name of the body ; but if the name of more 
than one body should begin with the same letter, 
and one of these bodies should belong to the 
class of metalloids, then the letter is used without 
addition for this. For the metals we add the 
next letter ; or should it be common, then we 
add in its place the first consonant which is not 

5 
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common to both Barnes. For example, C an 
Carbonicmn, Cu ss CupnuOf C$ s Cobaltumy 
S = Sdphuriam, Sb ^ Subkim» Sn s Stan- 
num, Sec. 

A figure to the left of the sign shows how 
many particles of the body is wished to be 
e3q)re8sed; for example, S '^ ^O^ scdphurie 
acid; Fe *\' ^ S^ common iron pyrites. When 
we wish to express a composite body as a par* . 
tide, we then place the figare which expresses 
the number of particles which it contains of 
either element to the right of this sign, like an 
algebraical exponent ; as, for example, in ^ 0^ + 
Cu O ss sulphate of copper. A figure to the 
left of the composite particle multiplies the 
wh(de^ and the contents ; that is, multiplies aU 
the bodies within the same plus sign : for ex* 
ample, % S 0^ -^r Cu 0* = persulphate of cop- 
per; the number 2 denotes that the acid in 
the salt contains not only two particles of sul- 
phur but six particles of oxygen, &c, 

In expressing more compound bodies, it 
answers best to exclude the sign of the oxygen, 
and by points above the radical to denote that it 
is an oxide^ and how many Tolumes of oxygen it 
|:ontain8. But from this. we must except tba 
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otides whicli may contain two volumes radical 
for one volume oxygen ; for example, water, 
where we must add the sign of the oxygen^ 
Thus for example, we place for 2S O^ + Cki 
O*, S* Ok, by which the formula is shortened, 
a circumstance of great importance in double 
salts. The composition of alum for example 
may be expressed in the following manner: 
K S« + 3 .Al S^ + 24 fl« O, from which we per- 
ceive that this salt in its crystallized state con- 
tains not less than 68 particles oxygen for one 
particle potash, &c. 

I cannot however yet affirm that these for- 
muloe supply the place of the mineralogical, be- 
cause our knowledge of the number of particles 
of oxygen in many oxides cannot be considered 
as certain, and it is therefore a strong advantage 
in favour of the mineralogical formulse that they 
way be used without this circumstance. 
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APPENDIX IV. 



OXIDUM FERROSO-FERRICUM. 

In the foregoing Essay I have endeavoured to 
draw the reader's attention to the different states 
of saturation with oxygen observable ijti die mi-* 
neral kingdom in iron, and in mentioning refrac- 
tory iron ore) I have stated that, agreeably to 
my experiment, it consists of oxidum ferroso- 
ferricum. I shall here state this experiment^ 
together with 'some observations which may be 
of utility in mineral analysis. 

Proust first remarked that iron ores, which are 
usually considered to be protoxide^ contain a. 
portion of oxide of iron by no means inconsider- 
able ; and he showed that common Prussian-blue 
contains both protoxide and peroxide in the 
form of two distinct bases. As Proust only e3C« 
pressed himself respecting iron ores incidentally, 
his idea was either not noticed or not received^ 
particularly as there was no reason to suppose 
any chemical combination between two difierenC 



126 

degrees of saturation with oxygen of the same 
radical. 

From a phenomenon which took place in mj 
first experiments respecting the chemical propor- 
tions, particularly my labours with iron, I was 
led to conclude that such combinations must oc- 
casionally exist, and I expressed a conjecture 
that, as the white precipitate obtained from the 
salts of protoxide of iron with caustic alkali be« 
comes blue in the air, this blue oixide must coiw 
tain a combination of peroxide and protoxide^ 
and that an increasing quantity of exide was 
the cause of the green colour which the precipi- 
tate takes before it becomes completely yellow 
in the air. 

Sometime afterwards Gay-Lussac (in Annalet 
de Chimie, Nov. 1811) published that he had 
discovered a new degree of oxidation in itMif 
which, according to his account, could be ob» 
tained when the steam of water was passed over 
red hot iron, or when iron was heated in aa 
open fire. According to Gay-Lussac's analysis 
it ou^t to contain 27*41 per cent, oxygen, or 
87*8 parts oxygen for 100 parts iron. He adds 
that this oxide possesses the property of forming 
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peculiar salto^ and that it is &und produced by 
nature in Swedish iron ore. 

That such a degree of oxidation cannot exist 
we already know from the doctrine of chemical 
proportions, (which neither M. Gay-Lussac nor 
kis proselytes ever dreamed o^ though we have 
to thank him fi>r one of the most important 
discoveries connected with this doctrine.) I 
have ahready shown in another place, that what 
Gay-Lussac considered as salts of this new oxide 
were nolhing but double salts of peroxide and 
protoxide, resembling Prussian-blue, and that 
these oxides can alone be distinguished from all 
other bases which have a stronger affinity to the 
acid than the oxlde^ but weaker than the pro- 
toxide. 

That M. Gay Lussac was mistaken in his 
conjecture that the oxide which is formed when 
iron in a heated state is oxydized at the expense 
of steam, without the assistance of atmospheric 
air, was a new oxide^ we may be convinced from 
the admirable experiment of Bucholz, (Journal 
fiir die Physique, Chemie, undMiheralogie, pub- 
lished by Gehlen, 3 B. 710,) in which 100 parts 
of the oxide produced in this manner, oxydized 
by means of nitric acid» gave in three differ^tf 
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tridls 110 parts red oxide; which is 4 prodf thai 
it must have been absolute protoxide free from 
peroxide. My experiments have coincided in 
every respect with that of Bucholz^ . and I have 
besides found that if oxide of iron is put into a 
glass tube, and this is heated, and afterwards a 
stream of hydrogen gas is conducted into it, the 
oxide of iron is reduced not to the conjectured 
oxide of Gay-Lussac, but first to protoxide, and 
afterwards, if the experiment is longer cbn*- 
tinued, to metal, whidh in this manner we can 
obtain in an absolutely pure state as well as ia 
its finest mechanical division. 

There remained now the important question s 
as our iron ores are magnetic, they evidently 
contain both protoxide and peroxide; in what 
condition is the latter found in them, and in 
what quantity? 

1. A pure magnetic iron ore (from Slo^-- 
bergskolen and Norra drawn in Grangesfallet,) 
was pulverised thoroughly, and the earth «epa^ 
rated from it. The heavier powder of iron ore 
was again pounded to cm exceeding fine powder 
in a porphyry vessel, aflerwards mixed with water 
and the iron powder drawn from the water by 
a magnet, and as it was taken up it was again 
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put into pure water, and shaken about in it 
to separate every possible particle of adhering 
earth, and this was repeated again in fresh water 
till it ceased to be in any wise troubled by it The 
iron ore obtained in this manner was dried and 
freed from all moisture. As the iron ores in 
this place frequently contain phosphate of iron^ 
a portion: of the ore was digested with diluted 
nitric acid, which was afterwards evaporated 
till it became dry, and yielded only a little 
oxide of iron without any symptom of phosphate 
ofiron. 

Kve grammes of this iron ore, dried in a heat 
sufficent to fuse tin, were dissolved in concen- 
trated muriatic acid, after which it was mixed 
with nitric acid, and allowed to boil for some 
time : in the beginning it yielded a little nitrous 
gas with ebullition* ' The solution was strained^ 
and it left on the filter a grayish powder, which^ 
after being heated to redness, weighed 0*121 
grammes. It was a substance quite foreign to 
the constituents of the iron ore. 



The strained solution was precipitated by 
caustic ammonia in sufficient abundance, and 
digested in it ; the oxide was separated by the 
filter, well washed, dried and heated to redness, 
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when it weighed 5*061 grammes. It was in the 
slightest degree attracted by the magnet. 

The boiling liquid j)recipitated by the ammo- 
nia, when saturated with caustic potaish, gave no 
precipitate. The oxide of iron, on an accurate 
inspection, was found to be completely free from 
manganese. 

When we deduct from five grammes of iron 
ore employed 0*121 of foreign matter, there re- 
mains 4*879 of pure iron ore, which afterwards 
takes 0*181 grammes oxygen to form 5*061 
grammes of oxide of iron. These 5*061 gram- 
mes of oxide of iron contain 3*506 grammes of 
metallic iron. By an easy calculation we thus 
find that in the ore examined, there was 

Iron 7l*etf lOO'oo 693«4 

Oxygeo 2Sh 39'i6 271-63 

Now this number is not in any wise the muU 
tiple corresponding to the quantity of oxygen 
the iron takes in its remaining degrees of oxida- 
tion ; for if we do not wish to suppose that the 
protoxide of iron contained four .particles ?md 
the oxide six particles of oxygen, so that this 
medium degree would contain five particles of it, 
(which however is a multiple hithertp unknbwn 
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for all bodies,) then the 100 parts iron must have 
been combined with 35*75 parts oxygen, and 
not with 39.16 parts. Hence this iron ore must 
be a combination of the two oxides. 

The most simple proportion in which these 
two oxides can be supposed combined is that 
where the peroxide contains thrice the oxygen 
and twice the iron of the protoxide. In such a 
combination the composition is 

Iron «,...71*e 100* « 

Oxygen.... 28*9 39*99 

which therefore conincides as nearly with the 
proportion found as we can expect in any ex- 
periment. The iron ore itself thus consists of 
almost precisely 69 parts red oxide and 31 parts 
protoxide. 

2. Magnetic iron ore (from MohrgrufVan at 
Riddarhuttan) was examined in like manner and 
with similar precautions, as those mentioned 
above. 

Five grammes of this ore left 0*119 grammes 
earth, and exceeded 5*069 grammes of oxide^ on 
which die magnet had not the smallest effect, and 
according to the preceding calculation it gave 
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t0*i parts exy^BBL tor 100 piBrte of rod; wbenofc 
it follows liiBt tk» magnet vms absobitely die 
tame eombinjittan of peroKkfe and protoxide 
with the foregomg ore* 

We muflt not, ho wew e rv sufipoie that these two 
mddas niwajra appear in the mineral kingdom 
OOVDbkied ih the Hane propoitioD» espedaUj as 
liiey ia« to b^ laet with in Ihe form of salts like 
arseniates, phosphates^ siliciiflteli, &c. beeause we 
possess examples that they can exist in salts in 
various proportions; f6t e^oUtiple, in Ptussias 
ferroso-ferncm^ (Prussian-blue,) and in Suhprus- 
msB furroso-firrfcm, fsubpraosiate of iron^) in 
wtif dh th« pnoponioii of peroxide of iron to tho 
iMTotc^dde is aM the Uxm. We must Aerefore 
nevef assume tfosi^MfsTWgo^^mcum as a deter- 
minate basis, but must always endeavour to de- 
termine the quantity of the protoxide, especially 
as it may occasionally hoppea that the' lafiter 
e<mstitoiei the unity or ftuulampeatal particle of 
die Bifalera], whidi we in Vain seek for among 
the other ingredients* 



Uiifortunatdy however this determinattoa is 
fl^ e!xtt«mdy difficidt that at present we are 
oomp^ed to consider it as altogether impos- 
iHMle. It will ivot perhaps be possible to eflfeet it 
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till the anatyses are brought to such a degree of 
perfection, that what cannot be solved by direct 
experiments m^y som^tivies be sufficiently deter- 
mined by calculation. 

In the course of my experiments respecting 
chemical proportions, I imagined I fbimd that 
a great number of oxides of the same radical 
which are to each other in the proportion of 
oxygen that they contain = 1 : 1-^ possess the 
property of combininga \i^hile I know no exam-^ 
pies of any combinations betweep .oxides ip 
which the oxygen is = 1:2. Tlius, for example 
the nitric acid enters into con^bination with 
nitrous acid, peroxide of cobalt with the oxide 
of cobalt, (Proust's and Thenard's green oxide of 
cobalt,) peroxide of uranium with the protoxide* 
of uranium, &c. According to all appearance^ 
the red oxide of mAPgane^e, vhich gives an 
amethyst colour to many minerals, is a similar 
combination of peroxide and protoxide, an 
o^um manganoso manganicum. 

It is certain that it is of the utmost import- 
ance to nunerology, that tl^e £^w Cfts^ of this 
nature should be completely ascertained* 



APPENDIX V. 



 



ANALYSIS OF GLUCINA. 

Pure Glucina was dissolved in sulphuric acid 
in excess. The salt was evaporated till the acid 
began to be expelled, after which it was freed 
from the adhering acid by washing it with 
alcohoL The sulphate of glucina obtained in 
this manner was dissolved in water, and was 
precipitated first by carbonate of ammonia, 
with which it was digested so long as the am- 
monia continued to fly off. The solution was 
filtered, and the earth well purified and heated 
to redness. It weighed 0*553 gramme. The 
liquid from which it had been precipitated was 
treated with muriate of barytes. It gave pre- 
cisely five grammes of sulphate of barytes, cor- 
responding to 1*72 grammes of sulphuric acid. 
This salt consisted therefore of 

Sulphuric acid 75* 67 100*oo 

CUucina 24.m S2*u 

As many circumstances induced me to consi- 
der it as an acidulous salt, I mixed a concen- 
trated solution of it with carbonate of glucina 
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free from ammonia, and digested them together ; 
by this means I obtained at top a gum-like so- 
lution and the carbonate was decomposed, form- 
ing, while the water was boiling hot, an insolu- 
ble mass viscid and soft, but when the tempera- 
ture was lower it became hard, transparent, and 
brittle. In its appearance it resembled gum, 
and when I endeavoured to dissolve it, the whole 
was decomposed into a soluble and an insoluble 
salt. 

The gummy-like liquid was divided into two 
portions ; {a) the one was mixed with pure water 
as long as any precipitate appeared, after which 
the solution was filtered, and what came through 
was first decomposed by carbonate of ammonia, 
and afterwards by muriate of barytes. It gave 
1*001 grammes glucina, and 4>*54«9 grammes sul- 
phate of barytes corresponding to 1*56 grammes 
of sulphuric acid. Hence this salt consisted of 



Snipburic acid 60*9«6 100* 

Gluciua 39*u74 64*i 



or the acid was combined in it with twice as 
much basis as in the preceding. 

(0) The portion of the salt not mixkl with 
water was heated over a spirit lamp till it be- 
came dry, when it resembled exactly alum, or 
sulphate of alumina when deprived of its water 
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of crystallization, and it left a spoogy^ bulky^ j 

and shining mass. After it gave out no more; 
vater over the Same of a spirit lamp, it was ex- 
posed to a red heat in a wind furnace as long as 
it lost any part, of it» weight, 2*5 grammes of 
tbi^ salt left 1*245 grammes earth: hence the 
salt consisted of 

Sulphuric acid 50*4 100* 

Caucica 49* a 98*4 

or the acid in it was combined with three times 
a» jfouch basis as in the first analysed sak« 

 

As no subsulphate can exist in which the acid is 
combined with twice OS much basisasmthe neutral 
salt with the same basis, it is dear that the first 
of these sajts is an acid salt,, the second neutral, 
and the tjiird a subsalt; but in such a manner 
that the acid in it contains twice the oxygen of 
the base, which is the first example that haa I 

hitherto been found of such a salt, and presup- ' 

poses either tliat the sulphuric acjd, like nitric 
acid, arsenic acid, and chromic acid must con- 
tain she. volumes of oxygen, in place of three, 
the number hitherto adopted, or that the glu. 
cina contains three volumes oxygen, which latter 
i«abo probable firom other circuiotstanees. 

The subsilt which is precipitated when the 
last named substanpe is decomposed with water 
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give05 vrhen heated to redness^ J9*9 per cent, 
earth, and emits first wiiter and aftenrards sul- 
phuric aeid. From an accident die heat in my 
analytical experiment in this ease came to be 
too high, so that the acid escaped with the 
water. I have not since had an opportunity of 
preparing a fresh quantity of this subsalt : but 
the earth which remained coincides in quantity 
with what it ought to be if this salt resembles 
the usual subsulphates, in which the acid, the 
base, and the water of crystallization cont^n 
an equal quantity of oxygen. Such a salt con- 
sists of 

Glucina. 5S*i4 

Salpharic Acid.« ;.38*ii 

Water 18'75 

If therefore 100 pasrts sulphuric acid neu- 
tralise 64*1 parts Gluclna, this must contain 
19*96 parts oxygen^ and the earth would thu^ 
be composed of 

Glucifia 68*661 100* 

Oxygen Sl'ida 4di*9« 

That I ipight not^ altogether depend on the 
analysis of sulphates, I dissolved glucina in 
muriatic acid. It, gave a crystallizable salt with . 
excess of acid; but when the acid was expelled, 
and the subsalt began to be formed, it jdelded 

only a gummy like mass. This was dissolved 

* 

in water, filtrated from the subsalt, and preci- 
pitated first by carbonate of ammonia, and after- 
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wards by nitrate of silver. I obtained 0'62G 
gramme glucina, with 3*392 grammes of mu- 
riate of silver, corresponding to 0'64f65 gramme 
muriatic acid; the salt therefore consisted of 



Morialic Acid 50*M» 100* 

Glucioa 49*135 96*a 



But if 96*6 gluciua contain 29*454 parts oxygen, 
then 100 parts earth contain 30*5 parts oxygen, 
which accordingly approaches very nearly to 
what we have above stated. 

With respect to the number of volumes of 
oxygen, it appears that the glucina contains 
three. I ground this conjecture on this, that 
both sulphuric acid and alumina, which seem to 
contain three volumes of oxygen, combine with 
^ucina in such proportion, that they hold twice 
the oxygen of the latter, a circumstance that 
would not take place if it held twice or four 
times the oxygen. The volume of gluciiyi weighs 
therefore at the minimum 681*3, (according to 
the experiment on the muriate,) or at the max- 
imum 683*63, (according to the analysis of the 
sulphate.) It is not so easy to determine which 
of these numbers is the most accurate. 

THE END. 
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